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HN462532G 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 310 

HN462532P 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 310 

HN462732 4096-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 314 
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Electrically PROM (NMOS) 314 
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Electrically PROM (NMOS) 314 
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Electrically PROM (NMOS) 324 
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Electrically PROM (NMOS) 324 

HN482764G-3 81 92 -word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 324 

HN482764G-4 81 92-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 324 

HN27C64G-20 81 92 -word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 329 

HN27C64G-25 81 92 -word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 329 

HN27C64G-30 81 92-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 329 

HN4827128G-25 816384-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 332 
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Electrically PROM (NMOS) 332 

HN48271 28G-45 81 6384-word x 8-bit U.V. Erasable & 

Electrically PROM (NMOS) 332 

HN4801 6P 2048-word x 8-bit Electrically Erasable & 

PROM (NMOS) 336 
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HM2112 1024-word x 1-bit RAM (ECL 10K) 350 

HM2112-1 1024-word x 1-bit RAM (ECL 10K) 35O 

HM10422 256-word x 4-bit RAM (ECL 10K) 355 

HM1 0422-7 256-word x 4-bit RAM (ECL 10K) 360 
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HM10470 4096-word x 1-bit RAM (ECL 10K) 363 

HM10470-1 4096-word x 1-bit RAM (ECL 10K) 363 

HM10470F 4096-word x 1-bit RAM (ECL 10K) 363 

HM10470-15 4096-Word x 1-bit RAM (ECL 10K) 368 

HM2142 4096-word x 1-bit RAM (ECL 10K) 371 

HM10474 1024-word x 4-bit RAM (ECL 10K) 374 

HM10474-15 1024-word x 4-bit RAM (ECL 10K) 374 

HM 10480 16384-word x 1-bit RAM (ECL 10K) 379 

HM10480F 16384-word x 1-bit RAM (ECL 10K) 379 

HM100415 1024-word x 1-bit RAM (ECL 100K) 382 

HM100415CC 1024-word x 1-bit RAM (ECL 100K) 382 

HM 100422 256-word x 4-bit RAM (ECL 100K) 385 

HM100422F 256-word x 4-bit RAM (ECL 100K) 385 

HM100422CC 256-word x 4-bit RAM (ECL 100K) 385 

HM100470 4096-word x 1-bit RAM (ECL 100K) 388 

HM 100470-1 5 4096-word x 1-bit RAM (ECL 100K) 388 

HM 100474 1024-word x 4-bit RAM (ECL 100K) 391 

HM 100474-1 5 1024-word x 4-bit RAM (ECL 100K) 391 

HM100474F 1024-word x 4-bit RAM (ECL 100K) 391 

HM100474F-15 1024-word x 4-bit RAM (ECL 100K) 391 

HM 100480 16384-word x 1-bit RAM (ECL 100K) 396 

HM100480F 16384-word x 1-bit RAM (ECL 100K) 396 

HM2504 256-word x 1-bit RAM (TTL) 399 

HM2504-1 256-word x 1-bit RAM (TTL) 399 

HM2510 1024-word x 1-bit RAM (TTL) 403 

HM2510-1 1024-word x 1-bit RAM (TTL) 403 

HM2510-2 1024-wrod x 1-bit RAM (TTL) 403 

HM251 1 1024-word x 1-bit RAM (TTL) 407 

HM2511-1 1024-word x 1-bit RAM (TTL) 407 

• Bipolar PROM 411 

HN25044 1024-word x 4-bit PROM (TTL) 414 

HN25045 1024-word x 4-bit PROM (TTL) 414 

HN25084 2048-word x 4-bit PROM (TTL) 419 

HN 25085 2048-word x 4-bit PROM (TTL) 419 

HN25084S 2048-word x 4-bit PROM (TTL) 422 

HN25085S 2048-word x 4-bit PROM (TTL) 422 

HN25088 1024-word x 8-bit PROM (TTL) 425 

HN25089 1024-word x 8-bit PROM (TTL) 425 

HN25088S 1024-word x 8-bit PROM (TTL) 428 

HN25089S 1024-word x 8-bit PROM (TTL) 428 

HN25088L 1024-word x 8-bit PROM (TTL) 431 

HN25089L 1024-word x 8-bit PROM (TTL) 431 

HN25168S 2048-word x 8-bit PROM (TTL) 434 

HN25169S 2048-word x 8-bit PROM (TTL) 434 

• Memory Support Circuits 437 

HD2912 Quadruple TTL-to-MOS Clock Drivers 438 

HD2916 Quadruple TTL-to-MOS Clock Drivers 441 

HD2923 Quadruple ECL-to-TTL Drivers 444 


NOTICE 

The example of an applied circuit or combination with other equipment shown 
herein indicates characteristics and performance of a semiconductor-applied 
products. The company shall assume no responsibility for any problem involving 
a patent caused when applying the descriptions in the example. 
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■QUICK REFERENCE GUIDE TO HITACHI 1C MEMORIES 


■ MOS RAM 


Mode 

Total 

Bit 

Type No. 

Process 

Organi- 
zation 
/ word\ 

\XbitJ 

Access 

Time 

(ns) 

max 

Cycle 

Time 

(ns) 

min 

Supply 

Voltage 

(V) 

Power 

Dissi- 

pation 

(W) 

Package* 

Replace- 

ment 

Page 

Pin 

No. 

CC 

CG 

G 

P 

FP 

SP 

Static 

4k-bit 

HM4334-3 

CMOS 

1024X4 

300 

460 

+ 5 

10^/20m 

18 



• 

• 



HM-6514-9 

52 

HM4334-4 

450 

640 



• 

• 




52 

HM6148 

70 

70 

0.1m/0.2 



• 

• 



2148 

58 

HM6148-6 

85 

85 



• 

• 



2148-6 

58 

HM6148L 

70 

70 

5f*/0.2 




• 




64 

HM6148L-6 

85 

85 




• 




64 

HM6148H-35** 

35 

35 

0.1m/0.2 



• 

• 




70 

HM6148H-45** 

45 

45 



• 

• 



2148-45 

70 

HM6148H-55** 

55 

55 



• 

• 



2148-55 

70 

HM6148HL-35** 

35 

35 

5M). 3 




• 




74 

HM6148HL-45** 

45 

45 




• 




74 

HM6148HL-55** 

55 

55 




• 




74 

HM6147 

4096 x 1 

70 

70 

0.1m/75m 



• 

• 



2147 

79 

HM6147-3 

55 

55 



• 

• 




79 

HM6147L 

70 

70 

5^/75m 




• 




83 

HM6147L-3 

55 

55 




• 




83 

HM6147H-35 

35 

35 

0.1m/0.15 



• 

• 



2147H-1 

87 

HM6147H-45 

45 

45 



• 




2147H-2 

87 

HM6147H-55 

55 

55 



• 

• 




87 

HM6147HL-35 

35 

35 

5M). 15 




• 




93 

HM6147HL-45 

45 

45 




• 




93 

HM6147HL-55 

55 

55 




• 




93 

16k-bit 

HM6116-2 

2048x8 

120 

120 

0.1m/0.18 

| 

24 


• 

• 

• 




97 

HM6116-3 

150 

150 


• 

• 

• 

• 



97 

HM6116-4 

200 

200 


• 

• 

• 

• 



97 

HM6116L-2 

120 

120 

20#/0.16 

j 


• 

• 




120 

HM6116L-3 

150 

150 

1 


• 

• 

• 



120 

HM6116L-4 

200 

200 



• 

• 

• 



120 

HM6116A-10 

100 

100 

0.1m/15m 




• 


• 


150 

HM6116A-12 

120 

120 


□ 


• 


• 


150 

HM6116A-15 

150 

150 




• 


• 


150 

HM6116A-20 

200 

200 




• 


• 


150 

HM6116AL-10 

100 

100 

5A</10m 






• 


154 

HM6116AL-12 

120 

120 






• 


154 

HM6116AL-15 

150 

150 




• 


• 


154 

HM6116AL-20 

200 

200 




• 


• 


154 

HM6117-3 

150 

150 

0.1m/0.2 




• 

• 



158 

HM6117-4 

200 

200 




• 

• 



158 

HM6117L-3 

150 

150 

10^/0.18 




• 

• 



168 

HM6117L-4 

200 

200 




• 

• 



168 


(to be continued) 
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Mode 

Total 

Bit 

Type No. 

Process 

Organi- 
zation 
/ word\ 

Vxbity 

Access 

Time 

(ns) 

max 

Cycle 

Time 

(ns) 

min 

Supply 

Voltage 

(V) 

Power 

Dissipa- 

tion 

(W) 

Package*** 

Replace- 

ment 

Page 

Pin 

No. 

CC 

CG 

G 

P 

FP 

SP 

SRAM 

16k-bit 

HM6168H-45* 

CMOS 

4096 x 4 

45 

45 

+5 

0. lm/0.25 

20 



• 

• 



2168 

180 

HM6168H-55* 

55 

55 



• 

• 




180 

HM6168H-70* 

70 

70 



• 

• 




180 

HM6168HL-45* 

45 

45 

5M). 25 




• 




181 

HM6168HL-55* 

55 

55 




• 




181 

HM6168HL-70* 

70 

70 




• 




181 

HM6167 

16384X1 

70 

70 

25m/0.15 



• 

• 



2167 

182 

HM6167-6 

85 

85 



• 

• 



2167-6 

182 

HM6167-8 

100 

100 



• 

• 



2167-8 

182 

HM6167L 

70 

70 

5M). 15 




• 




188 

HM6167L-6 

85 

85 




• 




188 

HM6167L-8 

100 

100 




• 




188 

HM6167H-45 

45 

45 

0.1m/0.2 


• 

• 

• 



IMS1400 

192 

HM6167H-55 

55 

55 


• 

• 

• 




192 

HM6167HL-45 

45 

45 

5///0.2 




• 




203 

HM6167HL-55 

55 

55 




• 




203 

64k-bit 

HM6264-10 

8182X8 

100 

100 

0. lm/0.2 

28 




• 




207 

HM6264-12 

120 

120 




• 




207 

HM6264-15 

150 

150 




• 




207 

HM6264L-10 

100 

100 

10MK2 




• 




211 

HM6264L-12 

120 

120 




• 




211 

HM6264L-15 

150 

150 




• 




211 

DRAM 

16k-bit 

HM4716A-1 

NMOS 

16384X1 

120 

320 

+ 12, 

+ 5, 

-5, 

20m/0.46 

16 



• 





218 

HM4716A-2 

150 

320 



• 




MK4116-2 

218 

HM4716A-3 

200 

375 



• 




MK4116-3 

218 

HM4716A-4 

250 

410 



• 

• 



MK4116-4 

218 

HM4816A-3 / 

100 

235 

+5 

llm/0.15 



• 

• 



2118-3 

229 

HM4816A-3E 

105 

200 



• 

• 




229 

HM4816A-4 

120 

270 



• 

• 



2118-4 

229 

HM4816A-7 

150 

320 



• 

• 



2118-7 

229 

64k-bit 

HM 4864-2 

65536X1 

150 

270 

20m/0.33 

• 


• 

• 




237 

HM4864-3 

200 

335 

• 


• 

• 




237 

HM4864A-12 

120 

230 . 

20 m/0. 275 


• 

• 

• 




256 

HM 4864 A- 15 

150 

260 


• 

• 

• 




256 

HM 4864 A- 20 

200 

330 


-**- 

• 

• 

• 




256 

HM4865A-12** 

120 

230 

20m/0.275 



• 

• 




266 

HM4865A-15** 

150 

260 



• 

• 




266 

HM4865A-20** 

200 

330 



• 

• 




266 

256k-bit 

HM 50256-12** 

262144X1 

120 

220 

20m/0.35 



• 





273 

HM 50256-15** 

150 

260 



• 





273 

HM 50256-20** 

200 

330 



• 





273 

HM 50257-12** 

120 

220 

20m/0.35 



• 





280 

HM 50257-15** 

150 

260 



• 





280 

HM 50257-20** 

200 

330 



• 





280 


* Under development 

#* Preliminary AHM6116LP Series : 10//W 
*** The package codes of CC, CG, P, FP and SP are applied to the package materials as follows. 

CC : Side-brazed Ceramic Leadless Chip Carrier, CG : Glass-sealed Ceramic Leadless Chip Carrier, G : Cerdip, P : Plastic DIP, 
FP : Small Sized Plastic Flat Package(SOP), SP : Skinny Type Plastic DIP 


0 HITACHI 
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■ MOS ROM 


Program 

Total 

Bit 

Type No. 

Process 

Organi- 

zation 

/ word\ 

\xbit) 

Access 

Time 

(ns) 

max 

Supply 

Voltage 

(V) 

Power 

Dissi- 

pation 

(W) 

Package*** 

Replace- 

Page 

Pin 

No. 

C 

G 

P 

FP 

ment 

Mask 

64k-bit 

HN61364 

CMOS 

8192X8 

250 

+5 

5^/0. 05 

28 



• 

• 


288 

HN61365 

250 

24 



• 



290 

HN61366 

250 



• 



292 

128k-bit 

HN43128 

16384X8 

32768X4 

6500 

3 m 

28 



• 



294 

HN613128 

16384X8 

250 

5M). 05 

28 



• 

• 


296 

256k-bit 

HN61256 

32768X8 

65536X4 

3500 

7.5m 

28 



• 

• 


298 

HN613256 

32768X8 

250 

5/</75m 



• 

• 


300 

lM-bit 

HN62301** 

131072X8 

350 

5m/60m 

28 

• 


• 



302 

U. V. Erasable 
& Electrically 

16k-bit 

HN462716 

NMOS 

2048X8 

450 

+ 5 

0.555 

24 

• 

• 



2716 

306 

32k-bit 

HN462532 

4096X8 

450 

0.858 

24 

• 




TMS2532 

310 

HN462732 

0.788 

■ 

• 



2732 

314 

HN482732A-20 

200 

0.788 


• 



2732 A- 2 

321 

HN482732A-25 

250 


• 



2732A 

321 

HN482732A-30 

300 


• 



2732 A- 3 

321 

64k-bit 

HN482764 

8192X8 

250 

0.555 

28 

• 

• 



2764 

324 

HN482764-3 

300 

• 

• 



2764-3 

324 

HN482764-4 

450 

• 

• 




324 

HN27C64G-20 

200 

40mW 


• 



2764 

329 

HN27C64G-25 

250 


• 



2764 

329 

HN27C64G-30 

300 


• 



2764 

329 


128k-bit 

HN4827128-25** 

NMOS 

16384X8 

250 


0.554 

28 


• 


i 


332 

HN4827128-30** 

300 


• 


j 


332 

HN4827128-45** 

450 


• 




332 

Electrically Erasable 

16k-bit 

HN48016 

NMOS 

16384X8 

350 

4-5 

0.16 

24 



• 



336 


* Under development * * * The package codes of C, G, P and FP are applied to the package materials as follows. 

* * Preliminary C : Side-brazed Ceramic DIP, G : Cerdip, P ; Plastic DIP, FP I Plastic Flat Package 

■ MOS MEMORIES OF WIDE OPERATING TEMPERATURE RANGE 


Mode 

Total 

Bit 

Type No. 

— 

Organization 
( word X bit) 

Operating 

Temperature 

Range 

Cc) 

Access 

Time 

(ns) 

max 

Power 

Dissipation 

(W) 

Package*** 

Page 

Pin No. 

P 

G 

Static RAM 

16k-bit 

HM6116I-2 

2048X8 

-40 to +85 

120 

0.1m/0.18 

24 


• 

103 

HM6116I-3 

150 


• 

103 

HM6116I-4 

200 

• 

• 

103 

HM6116LI-2 

120 

20 m V0. 16 

• 

• 

127 

HM6116LI-3 

150 

• 

• 

127 

HM6116LI-4 

200 

• 

• 

127 

HM6116K-3 

-55 to +125 

150 

0.1m/0.18 



146 

HM6116K-4 

200 


# 

146 

Dynamic RAM 

64k-bit 

HM4864I-2 

65536X1 

-40 to +85 

150 

15m/0.3 

16 


• 

| 252 

HM4864I-3 

200 


• 

252 

HM4864K-2 

-55 to +85 

150 


• 

252 

HM4864K-3 

200 


• 

252 

EPROM 

32k-bit 

HN 4627321 

4096X8 

-40 to +85 

450 

0.1/0.788 

24 


• 

1 318 


A HM6U6LPI Series: lOpVV 
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■ BIPOLAR RAM 


Level 

Total 

Bit 

Type No. 

Organi- 

zation 

( word\ 

\ X bit/ 

Output 

Access 

Time 

(ns) 

max 

Supply 

Voltage 

(V) 

Power 

Dissipa- 

tion 

(mW/bit) 

Package** 

Replacement 

Page 

Pin 

No. 

F 

G 

CC 

ECL 

10k 

256-bit 

HM10414 

256X1 

Open 

Emitter 

10 

-5.2 

2.8 

16 


• 


F10414 

342 

HM10414-1 

8 


• 



342 

lk-bit 

HM2110 

1024 X 1 

35 

0.5 


• 


F10415 

346 

HM2110-1 

25 


• 


F10415A 

346 

HM2112 

10 

0.8 


• 



350 

HM2112-1 

8 


• 



350 

HM 10422 

256X4 

10 

0.8 

24 

• 

• 


F10422 

355 

HM 10422-7 

7 

1.0 

• 

• 



360 

4k-bit 

HM 10470 

4096X1 

25 

0.2 

18 

• 

• 


F10470 

363 

HM 10470-1 

15 


• 



363 

HM 10470- 15 

15 


• 



368 

HM2142 

10 

0.3 


• 



371 

HM 10474 

1024X4 

25 

0.2 

24 

• 

• 


F10474 

374 

HM10474-15 

15 

• 

• 



374 

16k-bit 

HM 10480 

16384X1 

25 

0.03 

20 

• 

• 


F10480 

379 

ECL 

100k 

lk-bit 

HM 1004 15 

1024 x 1 

10 

-4.5 

0.6 

16 


• 

• 

F100415 

382 

HM 100422 

256X4 

10 

0.8 

24 

• 

• 

• 

F100422 

385 

4 k-bit 

HM 100470 

4096 x 1 

25 

0.2 

18 


• 


F100470 

388 

HM 100470- 15 

15 


• 



388 

HM 100474 

1024X4 

25 

0.2 

24 

• 

• 


F100474 

391 

HM100474-15 

15 

• 

• 



391 

16k-bit 

HM 100480* 

16384X1 

25 

0.05 

20 

• 

• 


F100480 

396 

TTL 

256-bit 

HM2504 

256X1 

Open 

Collector 

55 

+ 5 

1.8 

16 


• 


93411 

399 

HM 2504-1 

45 


• 


93411 A 

399 

lk-bit 

HM2510 

1024X1 

70 

0.5 


• 



403 

HM 2510-1 

45 


• 


93415 

403 

HM2510-2 

35 


• 


93415A 

403 

HM2511 

3-state 

70 

0.5 


• 



407 

HM2511-1 

45 


• 


93425 

407 


* Preliminary 

* * The package codes of F, G and CC are applied to the package material as follows. 
F Flat Package, G : Cerdip, CC ! Side-brazed Ceramic Leadless Chip Carrier 
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■ BIPOLAR PROM 


Level 

Total 

Bit 

Type No. 

Organi- 

zation 

/ word\ 

V XbitJ 

Output 

Access 

Time 

(ns) 

max 

Supply 

Voltage 

(V) 

Power 

Dissi- 

pation 

(mW) 

Package* 

Replacement 

Page 

Pin 

No. 

F 

G 

P 

TTL 

4k-bit 

HN25044 

1024X4 

0/C 

50 

+ 5 

500 

18 


• 


82S136 

414 

HN25045 

3-s 


• 


82S137 

414 

8k- bit 

HN25084 

2048X4 

O/C 

60 

550 

18 


• 


82S184 

419 

HN25085 

3-s 




82S185 

419 

HN25084S 

O/C 

50 





422 

HN25085S 

3-s 





422 

HN25088 

1024X8 

O/C 

60 

600 

24 




82S180 

425 

HN25089 

3-s 




82S181 

425 

HN25088S 

O/C 

50 





428 

HN25089S 

3-s 


• 



428 

HN25088L 

O/C 

100 

350 





431 

HN25089L 

3-s 


• 



431 

16k-bit 

HN25168S 

2048X8 

O/C 

60 

600 

24 


• 


82S190 

434 

HN25169S 

3-s 


• 


82S191 

434 


* The package code of G is applied to the material as follows. 
G : Cerdip 
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■ PACKAGE INFORMATION (Dimensions in mm) 


• Dual-in-line Plastic 



• DP-20 



• DP-24 





Applicable ICs 


1 

DP-16 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4, HM4816AP-3, HM4816AP-3E, HM4816AP-4, 
HM4816AP-7, HM4864P-2, HM4864P-3, HM4864AP-12, HM4864AP-15, HM4864AP-20, HM4865AP-12, 
HM4865AP-15, HM4865AP-20 

DP-18 

HM4334P-3, HM4334P-4, HM4334P-3L, HM4334P-4L, HM6148P. HM6148P-6, HM6148LP, HM6148LP-6, 
HM6148HP-35, HM6148HP-45, HM6148HP-55, HM6148HLP-35, HM6148HLP-45, HM6148HLP-55, HM6147P, 
HM6147P-3, HM6147LP, HM6147LP-3, HM6147HP-35, HM6147HP-45, HM6147HP-55, HM6147HLP-35, 
HM6147HLP-45, HM6147HLP-55 

DP-20 

HM6168HP-45, HM6168HP-55, HM6168HP-70, HM6168HLP-45, HM6168HLP-55, HM6168HLP-70, HM6167P, 
HM6167P-6, HM6167P-8, HM6167LP, HM6167LP-6, HM6167LP-8, HM6167HP-45, HM6167HP-55, 

HM6167HLP-45, HM6167HLP-55 

DP-24 

HM6116P-2, HM6116P-3, HM6116P-4, HM6116LP-2, HM6116LP-3, HM6116LP-4, HM6116AP-10, 

HM6116AP-12, HM6116AP-15, HM6116AP-20, HM6116ALP-10, HM6116ALP-12, HM6116ALP-15, 

HM6116ALP-20, HM6117P-3, HM6117P-4, HM6117LP-3, HM6117LP-4, HN61365P, HN61366P, HN48016P, 
HM6116PI-2, HM6116PI-3, HM6116PI-4, HM6116LPI-2, HM6116LPI-3, HM6116LPI-4 

DP-24A 

HM6116ASP-10, HM6116ASP-12, HM6116ASP-15, HM6116ASP-20, HM6116ALSP-10, HM6116ALSP-12, 
HM6116ALSP-15, HM6116ALSP-20 

DP -28 

HM6264P-10, HM6264P-12, HM6264P-15, HM6264LP-10, HM6264LP-12, HM6264LP-15, HN61364, 

HN43128P, HN613128P, HN61256P, HN613256P, HN62301P 


0 HITACHI 
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Package Information 
• CERDIP 


• DG-16 


1-6.3-j 


.06max 2.8min 


• DG-16A 





Package Information 



Applicable ICs 


DG-16 

HM10414, HM10414-1, HM2504, HM2504-1, HD2912 

DG-16A 

HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, HM2110, HM2110-1, HM2112, HM2112-1, HM100415, HM2510, 
HM2510-1, HM2510-2, HM2511, HM2511-1, HD2916, HD2923 

DG-16B 

HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, HM4864-2, HM4864-3, HM4864A-12, HM4864A-15, 

HM4864A-20, HM50256-12, HM50256-15, HM50256-20, HM50257-12, HM50257-15, HM50257-20, HM4864I-2, 
HM4864I-3, HM4864K-2, HM4864K-3 

DG-18 

HM4334-3, HM4334-4, HM6148, HM6148-6, HM6148H-35, HM6148H-45, HM6148H-55, HM6147, HM6147-3, 
HM6147H-35, HM6147H-45, HM6147H-55, HM10470, HM10470-1, HM10470-15, HM2142, HM100470, 

HM100470-15, HN 25044, HN25045, HN25084, HN25085, HN25084S, HN25085S 

DG-20 

HM6168H-45, HM6168H-55, HM6168H-70, HM6167, HM6167-6, HM6167-8, HM6167H-45, HM6167H-55, 

HM10480, HM100480 

DG-24 

HM6116-2, HM6U6-3, HM6116-4, HM6116L-2, HM6116L-3, HM6116L-4, HM6116I-2, HM6116I-3, HM6116I-4, 
HM6116LI-2, HM6116LI-3, HM6116LI-4, HM6116K-3, HM6116K-4, HN25088, HN25089, HN25088S, HN25089S, 
HN25088L, HN25089L, HN25168S, HN25169S 

DG-24A 

HM10422, HM10422-7, HM10474, HM10474-15, HM100422, HM100474, HM100474-15 

DG-24B 

HN462716G, HN462532G, HN462732G, HN482732AG-20, HN482732AG-25, HN482732AG-30, HN462732GI 

DG-28 

HN482764G, HN482764G-3, HN482764G-4, HN4827128G-25, HN4827128G-30, HN4827128G-45 


• Side- brazed Ceramic DIP 



Applicable ICs 

DC-24C 

HN462716, HN462532, HN462732 

DC-28B 

HN482764, HN482764-3, HN482764-4 


0 HITACHI 
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Package Information 


• Flat Packages 
• FP-24 


• FP-54 


20.2 ±0.4 2.8 


• FG-18 

1 5.7MAX 

(Miss matching of base and cap) 

• FG-20 


mm 

iimm 





• FG-24 



• Applicable ICs 

HM6U6FP-2, HM6116FP-3, HM6116FP-4, 

Fp HM6116LFP-2, HM6116LFP-3, HM6116LFP-4 
4 HM6117FP-3, HM6117FP-4, HM6117LFP-3, 

HM6117LFP-4 

F HN61364FP, HN613128FP, HN61256FP, 

^ &4 HN613256FP 

FG-18 HM10470F 

FQ-20 HM10480F, HM100480F 

HM10422F, HM10422F-7, HM10474F, 

FG-24 HM10474F-15, HM100422F, HM100474F, 
HM100474F-15 


0 HITACHI 







Package Information 


• Leadless Chip Carrier 

• CC-18 • CC-24 



• CG-32 


• Applicable ICs 



0 HITACHI 
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■ RELIABILITY OF HITACHI 1C MEMORIES 


1. STRUCTURE 

1C memories are classified into Bipolar and MOS 
structural types, with unique, respective characteris- 
tics. Bipolar characteristics are high speed and small 
capacity, while MOS features large capacity. 

Produced with the most advanced semiconductor 
manufacturing technologies, the LSI memory is inte- 
grated in high density by unit patterns called "cells." 
Despite differences in circuit design, pattern layout. 


and degree of integration, stable product reliability is 
achieved in the manufacturing process by incorpo- 
rating past achievements in single cell design, and the 
proven reliability of each respective technology. Uni- 
fied production standards are applied in design, manu- 
facture, and inspection stages, and reliability is 
guaranteed by using TEG (Test Element Group) eval- 
uation. Examples of Bipolar and MOS memory cell 
circuits are shown in Table 1 . 


• Table 1 Examples of Basic Cell Circuit of 1C Memories 



1C memory chips are produced in Ceramic, Cerdip, and 
Plastic packages. Leadless Chip Carriers (LCC's) for 
high package density, and Small Outline (SO) pack- 
ages are currently being developed. 

Hermetically sealed Ceramic and Cerdip packaging is 
suitable for high reliability equipment. Plastic, the 


leading semiconductor package, is used in a wide 
variety of applications. Hitachi's improved Plastic 
package provides a reliability level nearly that of the 
hermetically sealed Ceramic and Cerdip packages. 
Table 2 shows examples of 1C memory package 
outlines. 


• Table 2 Examples of 1C Memory Package Outlines 
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2. RELIABILITY DATA 


2.1 Reliability test data on Bipolar memories assured in all device types. Results have further indi- 

Reliability test data is shown in Tables 3 and 4. Since cated that the greater the device capacity, the higher 

unified design and quality control standards are ap- the reliability per bi,t. 
plied in the manufacturing process, reliability is 
• Table 3 Results on Bipolar Memory Reliability Tests (1) 


Test item 

Test condition 

HM10470(Cerdip) 

HM100422(Chip Carrier) J 

HN25089(Cerdip> 

sam- 

ples 

Total 

component 

hours 

Fail- 

ures 

Failure 

rate* 

Sam- 

ples 

Total 

component 

hours 

Fail- 

ures 

Failure 

rate* 

Sam- 

ples 

Total 

component 

hours 

Fail- 

ures 

Failure 

rate * 

High- 

temperature 

(Operating) 

7a = 125*C 

Fee - -~5 . 2 V (HM10470 ) 

Fcc=5.5V(HN25089) 

125 

C.H. 

4.0X10* 

0 

1/hr 

2.3x10“* 

- 

- 

- 

- 

36 

C.H. 

3.6X10 4 

0 

1/hr 

2.6X10“' 

Ta -150°C 

Fee = -~5 . 2 V (HM10470 ) 

Fee — 5.0V(HM100422) 

F CC =5.5V| , 

(HN25089) 

f C ,c=l/*S » 

80 

2.7x10 s 

0 

3.4x10“* 

40 

4X10 4 

0 

2.3X10“* 

10 

1.0X10* 

0 i 

9.2X10“* 

High- 

temperature 

storage 

Ta = 200 ’C 

27 

2.7x10 s 

0 

3.4X10“ S 

40 

4X10* 

0 

2.3X10'* 

15 

1.5X10* 

0 

6.1X10“* 

Ta= 295‘C 

20 

2.0X10 5 

0 

4.6X10“* 

40 

4X10* 

0 

2.3X10* 

15 

1.5X10* 

0 | 

6.1X10“* 


* Estimated failure rate with confidence level 60% 


0 HITACHI 
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Reliability of Hitachi 1C Memories 


• Table 4 Results on Bipolar Memory Reliability Tests (2) 


Test item 

Test condition 

HMl0470(Cerdip) 

HM100422 (Chip carrier) 

HN25089(Cerdip) 

Samples 

Failures 

Samples 

Failures 

Samples 

Failures 

Temperature cycling 

-65"C~ + 150 # C, 10 cycles 

120 

o 

40 

0 

45 

0 

Soldering heat 

260 °C, 10 seconds 

22 

0 

~ 


22 

0 

Thermal shock 

0 # C~ + 100 # C, 10 cycles 

36 

0 

20 

0 

22 

0 

Mechanical shock 

1500G, 0.5 ms. 

Three times each for X, Y and Z 

30 

0 

60 

0 

22 

0 

Variable frequency 

100~2000Kz, 20G 

Three times each for X, Y and Z 

40 

0 

60 

0 

22 

0 

Constant -acceleration 

20000G, 1 minute, each for X, Y and Z 

40 

0 

60 

0 

22 

0 


2.2 Reliability test data on M OS memories HM6116P 16K SRAM, HM6147P 4K SRAM, 

Tables 5, 6, and 7 depict reliability test data on a HN462732 and HN462532 32K EPROMs, and 
representative group of MOS memory types — HN46271 6 16K EPROM. 

HM4864 64K DRAM, HM4716AP 16K DRAM, 


• Tqble 5 Results on MOS Memory Reliability Tests (1) 




! HM4864 < 

'Ceramic) 

\ HN46 25 32/HN4627 32 (Cerdip) j 


Test item 

Test 

condition 

Sam- 

ples 

Total com- 
ponent 
hours 

Fail- 

ures 

Failure 

rate* 

Sam- 

ples 

Total com- 
ponent 
hours 

Fail- 

ures 

Failure 

rate* 

Remarks 

High- 

temperature 

dynamic 

operation 

Ta=125°C 

V CC =5.5V 

fcyc^MS 


C.H. 
3.33 x10 s 

Q 




n 

1/hr 

9.2x10"* 

; 

*> Oxide 
failure x 2 
Unknown x 1 

High- 

temperature, 

storage 

Ta=20(f C 

20 


D 




D 

6.6x1 0‘ 6 j 


High- 

temperature 

storage 

Ta=259°C 

- 


- 

- 




JQQjjl 


High- 

temperature 

storage 

Ta=295° C 

- 


- 

- 





** Data 

disappearance 


* Estimated failure rate with confidence level 60% 


• Table 6 Results on MOS Memory Reliability Tests (2) , 


Test item 




Remarks 






Total com- 
ponent 
hours 


Failure 

rate* 

High- 

temperature 

dynamic 

operation 

Ta=125°C 

Vdd=13.2V 

(NMOS) 

Vcc^.SV 

(CMOS) 

t c y c =3MS 

2330 

c U 
3.46x10 s ’ 

6 *i 



C H 
1.90xl(T* 

3 *a 

1/hr 

2.19x10"* 

* l Oxide 
failure x 6 
** Oxide 
failure x 1 
Electrostatic 
discharge xl 
Unknown x 1 






2.0xl0~ 5 

20 



4.6x1 O' 5 


High- 

temperature 
and high- 
humidity 
bias 

Ta=85°C, 
RH=85% 
Vdd=12V 
(NMOS) 
V N CC *5.5V 
(CMOS) 

3081 

6.2xl0 6 

19* 3 

3.1x10-* 

630 

1.3x10 s 

4*4 

4.0x10’* 

* 3 Aluminium 
corrosion x 17 
Unknown x 2 
* 4 Aluminium 
corrosion x 3 
Unknown x 1 


* Estimated failure rate with confidence level 60%. 
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• Table 7 Results on MOS Memory Reliability Tests (3) 


Temperature 

cycling 

Temperature 

cycling 


Temperature 

cycling 


Thermal shock 


Test condition 


-65°C~RT~150°C 
10 cycles 

-55°C~RT~150 fl C 
10 cycles 


-55° C ~ 150 C 
1000 cycles 


HM4864 

(Ceramic) 


HM4864 

(Cerdip) 


Fail- Sam- 
ures pies 


EPROM 

(Cerdip) 


Fail- Sam- Fail- Sam- Fail- 
ures pies ures pies ures 


HM6116P/ 
HM6147P 
Sam- I Fail- 
pies ures 


















Reliability of Hitachi Memories 



Fig. 3 Time dependence in refresh time (tRgp) in dynamic operation test at 125°C 


2.4 Classification of failure modes 

Examples of field failures are shown in Fig. 4 and 5. 

Hitachi eliminates latent defects such as pinholes, 

foreign materials, etc., in each respective stage of 

production. 



Fig. 4 Classification Of Failure Modes of Bipolar Memory 
in the field 


Process data and field failure data is continuously 
analyzed, and high temperature burn-in screening is 
executed to further improve design, manufacture, and 
reliability. 



Fig. 5 Classification of Failure Modes of MOS Memory 
in the field 
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3. SOFT ERROR 

3.1 Soft Error 

Miniaturization of 1C memories has reduced hori- 
zontal and vertical plane dimensions, signal level, and 
stored charge. One obstacle to further scaling is soft 
errors — "transitory failures in which normal memory 
operation can be recovered by reprogramming data." 
Soft errors are caused by alpha particles emitted from 
Uranium and Thorium contained in the packaging 
materials. When memory chips are exposed to alpha 
particles, many electron-hole pairs are induced in the 
Si substrate, causing memory data reversion. Fig. 6 
shows the mechanism of data reversion in NMOS 
DRAMs. Negative voltage is applied to the Si sub- 
strate. Positive holes are drawn by the substrate, and 
only electrons cause information reversion (from data 
"1 " to "0") in the memory cell. 


Fig. 6 shows a misoperation defined as "Memory cell 
mode of soft errors," as distinguished from "Bit line 
mode of soft errors" shown in Fig. 7. As information in 
a memory cell is read out on the bit line, the bit line 
potential changes depending on the memory cell data. 
The change is small (several hundred mV), and com- 
pared with standard potential (potential read out from 
a dummy cell), it is amplified by the sense amplifier. If 
the bit line is exposed to alpha particles during the 
short period between read-out from the memory cell 
and amplification by the sense amplifier, the bit line 
potential decreases. As the potential becomes less 
than standard, misoperation occurs from "0" to "1 ." 
Both are called "Bit line mode" since errors appear at 
irradiation of alpha particles. Soft error dependence 
on cycle time is shown in Fig. 8. 



Silicon Substrate 


s,raie i y-j l 

information Storage Areai 
( e being absentn 


/ A/ 

jXo-particle 


(a) Memory information at "1” 
(Electrons are absent) 

(1 Transistor type memory cell) 


(b) Incident a-particle generate a 
large quantity of electron-hole 
pairs. Generated electrons enter 
the information storage area and 
holes are drawn to the substrate 
power supply. 


Inversion of memory informa- 
tion from "1 " (electrons "ab- 
sent") to"0" (electrons "filled") 


Fig. 6 Misoperation in Memory Ceil 


0 HITACHI 


23 




Reliability of Hitachi 1C Memories 




Fig. 8 Soft Error Rato's Dependence on Cycle Time 


Actual products will have three types of failure 
modes — cell mode, bit line mode, and a mixture of 
both modes. Soft error mechanisms in static MOS and 
Bipolar memories are different from the above- 
mentioned mechanisms in dynamic MOS memories. 

In static memory, current always flows through the 
cell to retain data in the flip-flop. When partial current 
induced by alpha particles exceeds the retention cur- 
rent, misoperation occurs due to reversion of the 
flip-flop. 


3.2 Examples of soft error preventive measures 
In 64K DRAM development, accelerated irradiation 
test data indicated a higher soft error rate than the 
expected design rate. Hitachi performed the following 
soft error preventive measures: 

(1 ) Selection of packaging materials which emit min- 
imal alpha particles 

(2) Application of chip coating technology to prevent 
alpha particles from reaching the chip surface. 

(3) Use of circuitry and layout technology with 
inherent ability to resist alpha particles. 

As a result of these measures, soft errors in 64K 
DRAM have reached acceptable levels. These preven- 
tive measures also are applied to other device types 
(Fig. 9). 
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Fig. 9 Example of Soft Error Improvement on 16K-bit 
Dynamic RAM 

3.3 System-level preventive measures 
Hitachi's effort to reduce soft errors has resulted in 
almost trouble-free memories. System-level reliability 
can be further improved by supplying functions such 
as ECC for large memory systems, and a parity bit for 
small systems. 


Reliability of Hitachi 1C Memories 

4. RELIABILITY CLASSIFICATION 

In designing 1C memories, Hitachi classifies memory 
reliability by the particular device application, and can 
control the flow of design, production and testing to 
suit that application. 

Reliability can be classified according to the following 
general applications: 

(1 ) Large scale computers and electronic exchanges 

(2) Automotive applications 

(3) General communication-industrial use. 

When using our memories in any special equipment, 
please do not hesitate to consult our sales engineering 
staff regarding reliability in that application. 
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■ PRECAUTIONS FOR HANDLING 1C MEMORIES 


Precautions given below for handling 1C memories 
will assist the designer in achieving optimum circuit 
designs, and prevent device malfunction. 

1. BIPOLAR 1C MEMORY 

1 .1 Prevention of static electricity 
Bipolar memories are considered to have higher resist- 
ance to damage by static electricity than MOS ICs. 
However, presently available high-speed Bipolar 
memory ICs must be handled with suitable static elec- 
tricity preventive measures. Since their diffused junc- 
tions have become thinner than conventional types in 
order to perform at high speed, the following mea- 
sures are recommended: 

(1 ) Keep all device terminals in a conductive mat to 
maintain equi-potential during transportation and 
storage. A conductive mat called "MOSPAK" is 
commercially available. Unless otherwise speci- 
fied, all Hitachi 1C memories are shipped in con- 
ductive mats. Memories should be stored in these 
mats. 

(2) When handling 1C memories for inspection or 
connection, grounding must be provided as shown 
in Fig. 1 . The 1 M ohm resistor protects the handler 
from electric shock. 



(3) Control the ambient relative humidity at about 50 
per cent. 

(4) Wear cotton clothes instead of synthetic fabrics. 

(5) Ground all soldering iron tips. 

(6) Pack 1C memories mounted on circuit boards in 
conductive mats. 


1 .2 Prevention of Reverse Insertion 

Marking of No. 1 pin is clearly stamped on the device 
package to prevent incorrect insertion of ICs. 

1 .3 Mounting and Removal of ICs with Voltage 
Applied 

If ICs are inserted or removed from a board when 
voltage is applied, the voltage induced at current 
on/off can destroy the ICs. Mount and remove ICs 
with power removed. The same precaution is neces- 
sary in measurements using a tester. 

1 .4 Prevention of Oscillation 

ECL Bipolar memory has a high transistor cutoff fre- 
quency. Sometimes oscillation is caused by the 
external circuit, and 1C misoperation occurs. In such 
cases, a high frequency capacitor (0.1 //F) is recom- 
mended between the IC's ground and voltage supply 
line. 

1 .5 Precaution on Simple "H" Level of ECL 
Memories 

If an IC's input is grounded to fix input level at "H," 
misoperation sometimes occurs due to the internal 
circuit composition. "H" and "L" input levels are spec- 
ified ViL{min) and ViH(max), respectively. Please refer to 
these specifications to properly utilize ICs. 

1.6 Cooling 

The power dissipation of Bipolar memories is400mW 
to lOOOmW, depending on the device. When many 
Bipolar memories are mounted on a board, forced air 
cooling may be required. In addition, cooling will 
improve reliability as shown in Fig. 2. We recommend 
the junction temperature be kept lower than 85°C to 
achieve high reliability. 
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200 175 150 125 100 75 50 25 

Junction Temperature on Operation T t (*C) 


Fig. 2 Example of derating of ECL 

1 7 Other Precautions 

(1) Deforming of magazine and carrier: 

Plastic magazine and carrier material for ECL flat 
packages is usually thermo-plastic, which deforms 
at temperatures higher than 40 to 50°C. If burn-in 
occurs in the field, use an aluminum magazine or 
other metal type fixture. 

(2) Shock in transportation: 

Normal handling tests and drop tests (JIS-C7021 
A-8)on individual glass-sealed devices indicate no 
damage. However, strong shock received during 
transportation or loading of devices packed in 
magazines may cause damage. Even after devices 
are board- mounted, 1C packages may be damaged 
if the board strength is insufficient to withstand 
strong deforming stress. Please contact Hitachi or 
its representatives regarding handling and trans- 
portation of Hitachi devices. 


2. MOS 1C MEMORY 

2.1 Prevention of Static Electricity 

The preventive measures referred to in Paragraph 1 .1 
should also be followed for MOS memories. 

2.2 Reducing Power Source Noise 

Current spikes can create a power source noise in 
dynamic memories. Since MOS memories are 
accessed while being refreshed, use of large capaci- 
tors is recommended (a 10/iF capacitor for every 9 
pieces of 16K-bit HM4716A), as well as an 0.1/i/F 
high-frequency capacitor for each memory. 

2.3 Current Spikes in Vbb Power 

Accidental current spikes on Vbb (formed by the rise or 
fall of clock pulse during access time) can be pre- 
vented by using a 0.1//F capacitor for every 2 or 3 
memories. 

2.4 Clock Drive ICs 

Clock drive ICs have special designs which permit fast 
rise and fall times with high capacity loads. Prevent 
device damage by avoiding ground wire short-circuits 
to either Vdd or Vcc (Pin No. 1 and No. 1 6 respectively). 

2.5 Power Application Sequence 

We recommend designing circuits so that power is 
applied in the sequence of Vbb, Vdd, and then Vcc. It 
should be interrupted in a reverse sequence (with Vbb 
interrupted last). 

Some small scale systems cannot apply power in the 
above sequence — as when Vbb is supplied by a DC to 
DC converter. Experiments conducted under the fol- 
lowing test conditions proved that such systems of 
200 to 300 memory devices are not affected by the 
power application sequence. 
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1.) Test method 

(1) Ambient temperature: 25°C 

(2) Power voltage: V DD =13.2V, V CC = 5.0V, 

V, h =5.0V 

(3) Operation mode: AC operation ("0" to 

"16383" all bits scanning). 
tcyc^lO/iS 

Read modify write oper- 
tion 

(4) V BB power: ON (1 min.) — Floating 

(1 min.) 



12 3-15 

— •- time(minute) 


2.6 Assessing Memory System Designs 

When evaluating system designs, power margin 
curves (sh moo plots) can be obtained by observing Vbb 
and Vdd power levels as they are gradually varied vs. 
system timing margin. Optimum curves are those 
which are closest to the margin shown for the 
memory device itself. 

2.7 Parity Bit 

Application of MOS static memories to microcom- 
puters has increased because MOS static memory 
operates from a single 5V power source, without 
refresh. In some circuit design applications, all bits are 
used as information bits without a parity bit. However, 
we recommend adding a parity bit to thoroughly avoid 
memory error. 


2.) Test results 


Type No. 

Number of 

Number of 

Number of 

cycles 

sample 

failures 

HM4716A 

2000 cycles 

50 

0 
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■ QUALITY ASSURANCE OF 1C MEMORIES 


1. VIEWS ON QUALITY AND RELIABILITY 

Basic views on quality at Hitachi are to meet the 
individual uers' required quality level and maintain a 
general quality level equal to or above that of the 
general market. The quality required by the user may 
be specified by contract, or may be indefinite. In either 
case, efforts are made to assure reliable performance 
in actual operating circumstances. Quality control 
during the manufacturing process, and quality aware- 
ness from design through production lead to product 
quality and customer satisfaction. Our quality assur- 
ance technique consists basically of the following 
steps: 

(1) Build in reliability at the design stage of new 
product development. 

(2) Build in quality at all steps in the manufacturing 
process. 

(3) Execute stringent inspection and reliability con- 
firmation of final products. 

(4) Enhance quality levels through field data feed 
back. 

(5) Cooperate with research laboratories for higher 
quality and reliability. 

With the views and methods mentioned above, 
utmost efforts are made to meet users' requirements. 

2. RELIABILITY DESIGN OF 
SEMICONDUCTOR DEVICES 

2.1 Reliability Targets 

The reliability target is an important factor in sales, 
manufacturing, performance, and price. It is not ade- 
quate to set a reliability target based on a single set of 
common test conditions. The reliability target is set 
based on many factors: 

(1 ) End use of semiconductor device. 

(2) End use of equipment in which device is used. 

(3) Device manufacturing process. 

(4) End user manufacturing techniques. 

(5) Quality control and screening test methods. 

(6) Reliability target of system. 

2.2 Reliability Design 

The following steps are taken to meet the reliability 
targets: 

(1) Design Standardization 

As for design rules, critical items pertaining to 
quality and reliability are always studied at circuit 


design, device design, layout design, etc. There- 
fore, as long as standardized processing and 
materials are used the reliability risk is extremely 
small even in the case of new development 
devices, with the exception of special require- 
ments imposed by functional needs. 

(2) Device Design 

It is important for the device design to consider 
total balance of process, structure, circuit, and 
layout design, especially in the case where new 
processes and/or new materials are employed. 
Rigorous technical studies are conducted prior to 
device development. 

(3) Reliability Evaluation by Functional Test 
Functional Testing is a useful method for design 
and process reliability evaluation of IC's and LSI 
devices which have complicated functions. 

The objectives of Functional Test are: 

• Determining the fundamental failure mode. 

• Analysis of relation between failure mode and 
manufacturing process. 

• Analysis of failure mechanism. 

• Establishment of QC points in manufacturing 
process. 

2.3 Design Review 

Design Review is an organized method to confirm that 
a design satisfies the performance required and 
meets design specifications. In addition, design review 
helps to insure quality and reliability of the finished 
products. At Hitachi, design review is performed from 
the planning stage to production for new products, 
and also for design changes on existing products. 
Items discussed and considered at design review are: 

(1) Description of the products based on design 
documents. 

(2) From the standpoint of each participant, design 
documents are studied, and for points needing 
clarification, further investigation will be carried 
out. 

(3) Specify quality control and test methods based on 
design documents and drawings. 

(4) Check process and ability of manufacturing line to 
achieve design goal. 

(5) Preparation for production. 

(6) Planning and execution of sub-programs for 
design changes proposed by individual specialists, 
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for test, experiments, and calculations to confirm 
the design changes. 

(7) Analysis of past failures with similar devices, dis- 
cussion of methods to prevent them, and planning 
and execution of test programs to confirm success. 

3. QUALITY ASSURANCE SYSTEM 

3.1 Activity of Quality Assurance 

General views of overall quality assurance in Hitachi 

are as follows: 

(1) Problems in each individual process should be 
solved in the process. Therefore, at the finished 
product stage the potential failure factors have 
been removed. 

(2) Feedback of information is used to insure a satis- 
factory level of ability process. 

3.2 Quality Approval 

To insure quality and reliability, quality approval is 

carried out at the preproduction stage of device 


design, as described in section 2. Our views on quality 

approval are: 

(1) A third party executes approval objectively from 
the standpoint of the customer. 

(2) Full consideration is given to past failures and 
information from the field. 

(3) No design change or process change without QA 
approval. 

(4) Parts, materials, and processes are closely 
monitored. 

(5) Control points are established in mass production 
after studying the process abilities and variables. 

3.3 Quality and Reliability Control at Mass 
Production 

Quality control is accomplished through division of 
functions in manufacturing, quality assurance, and 
other related departments. The total function flow is 
shown in Fig. 2. The main points are described below. 


Step Contents Purpose 
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Process 


Quality Control 


Method 


Material, 

Parts 


Material, Parts 


^inspection of\ 
.Material and Parts l, 


Inspection on Material and 
Parts for Semiconductor 
Devices 


Lot Sampling, 
Confirmation of 
Quality Level 


Manufacturing 


Screening 


100% Inspection j_ 

L-— _ 1 __ _J 


Manufacturing Equipment, 
Environment, Sub-material, 
Worker Control 

Inner Process 
Quality Control 


100% Inspection on 
Appearance and Electrical 
Characteristics 


Confirmation of 
Quality Level 

Lot Sampling, 
Confirmation of 
Quality Level 


Testing, 

Inspection 


Products^ 

Inspection 


Sampling Inspection on 
Appearance and Electrical 
Characteristics 


Lot Sampling 


Lot 

Assurance 

Test 


Reliability Test 


Confirmation of 
Quality Level, Lot 
Sampling 


Receiving 


Shipment 


Quality Information 
Claim 

Field Experience 
General Quality 
Information 


Feedback of 
Information 


Fig. 2 Flow Chart of Quality Control in Manufacturing 
Process 
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3.3.1 Quality Control of Parts and Materials 
As semiconductor devices tend towards higher per- 
formance and higher reliability, the importance of 
quality control of parts and materials becomes para- 
mount. Items such as crystals, lead frames, fine wire 
for wire bonding, packages, and materials needed in 
manufacturing processes such as masks and chemi- 
cals, are all subject to rigorous inspection and control. 
Incoming inspection is performed based on the pur- 
chase specification and drawing. The sampling is exe- 
cuted based mainly on MIL-STD-105D. 

The other activities of quality assurance are as 
follows: 

(1) Outside vendor technical information meeting. 

(2) Approval and guidance of outside vendors. 

(3) Chemical analysis and test. 

The typical check points of parts and materials are 
shown in Table 1 . 


• Table 1 Quality Control Check Points of Material 
and Parts (Example) 


Material, 

Parts 

Important 
Control Items 

Point for Check 

Wafer 

Appearance 

Dimension 

Sheet Resistance 
Defect Density 
Crystal Axis 

Damage and Contamina- 
tion on Surface 

Flatness 

Resistance 

Defect Numbers 

Mask 

Appearance 

Dimension 

Resistoration 

Gradation 

Defect Numbers, Scratch 
Dimension Level 

Uniformity of Gradation 

Fine 

Wire for 

Wire 

Bonding 

Appearance 

Dimension 

Purity 

Elongation Ratio 

Contamination, Scratch, 
Bend, Twist 

Purity Level 

Mechanical Strength 

Frame 

Appearance 

Dimension 

Processing 

Accuracy 

Plating 

Mounting 

Characteristics 

Contamination, Scratch 
Dimension Level 

Bondability, Solderability 
Heat Resistance 

Ceramic 

Package 

Appearance 

Dimension 

Leak Resistance 
Plating 

Mounting 

Characteristics 

Electrical 

Characteristics 

Mechanical 

Strength 

Contamination, Scratch 
Dimension Level 
Airtightness 

Bondability, Solderability 
Heat Resistance 

Mechanical Strength 

Plastic 

Composition 

Electrical 

Characteristics 

Thermal 

Characteristics 

Molding 

Performance 

Mounting 

Characteristics 

Characteristics of 

Plastic Material 

Molding Performance 

Mounting Characteristics 


3.3.2 Inner Process Quality Control 
Inner Process Quality Control performs very important 
functions in quality assurance of semiconductor 
devices. The manufacturing Inner Process Quality 
Control is shown in Fig. 3. 

(1) Quality Control of Semi-final Products and Final 
Products 

Potential failure factors of semiconductor devices 
are removed in the manufacturing process. To 
achieve this, check points are set-up in each pro- 
cess and products which have potential failure 
factors are not moved to the next process step. 
Manufacturing lines are rigidly selected and tight 
inner process quality controls are executed— rigid 
checks in each process and each lot, 1 00% inspec- 
tion to remove failure factors caused by manufac- 
turing variables and high temperature aging and 
temperature cycling. Elements of inner process 
quality control are as follows: 

• Condition control of equipment and workers 
environment and random sampling of semi- 
final products. 

• Suggestion system for improvement of work. 

• Education of workers. 

• Maintenance and improvement of yield. 

• Determining quality problems, and implement- 
ing countermeasures. 

• Transfer of quality information. 

(2) Quality Control of Manufacturing Facilities and 
Measuring Equipment 

Manufacturing equipment is improving as higher 
performance devices are needed. At Hitachi, the 
automation of manufacturing equipment is en- 
couraged. Maintenance Systems maintain opera- 
tion of high performance equipment. There are 
daily inspections which are performed based on 
related specifications. Inspection points are listed 
in the specification and are checked one by one to 
prevent any omission. As for adjustment and 
maintenance of measuring equipment, specifica- 
tions are checked one by one to maintain and 
improve quality. 

(3) Quality Control of Manufacturing Circumstances 
and Sub-Materials 

The quality and reliability of semiconductor devices 
are highly affected by the manufacturing process. 
Therefore, controls of manufacturing circum- 
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stances such as temperature, humidity and dust, 
and the control of submaterials, like gas, and pure 
water used in a manufacturing process, are inten- 
sively executed. 

Dust control is essential to realize higher integra- 
tion and higher reliability of devices. At Hitachi, 
maintenance and improvement of cleanliness at 
manufacturing sites is accomplished through 


attention to buildings, facilities, air conditioning 
systems, delivered materials, clothes, work envir- 
onment, and periodic inspection of floating dust 
concentration. 

3.3.3 Final Product Inspection and Reliability 
Assurance 

(1) Final Product Inspection 

Lot inspection is done by the quality assurance 



Process 

Control Point 

Purpose of Control 



7 Purchase of Material 





-Wafer — - 


Wafer 

Characteristics, Appearance 

Scratch, Removal of Crystal 

Defect Wafer 



p Surface Oxidation 

Oxidation 


Assurance of Resistance 



p Inspection on Surface 


Appearance, Thickness of 

Pinhole, Scratch 



Oxidation 
) Photo Resist 

Photo 

Resist 

Oxide Film 




Inspection on Photo Resist 


Dimension, Appearance 

Dimension Level 



OPQC Level Check 



Check of Photo Resist 



3 Diffusion 

Diffusion 

Diffusion Depth, Sheet 
Resistance 

Diffusion Status 



3 Inspection on Diffusion 


Gate Width 

Control of Basic Parameters 



OPQC Level Check 


Characteristics of Oxide Film 
Breakdown Voltage 

(Vth, etc) Cleaness of surface, 
Prior Check of Vih 





Breakdown Voltage Check 



p Evaporation 

Evapo- 

Thickness of Vapor Film, 

Assurance of Standard 




ration 

Scratch, Contamination 

Thickness 



3 Inspection on Evaporation 
OPQC Level Check 

3 Wafer Inspection 

Wafer 

Thickness, Vth Characteris- 

Prevention of Crack, 





tics 

Quality Assurance of Scribe 



3 Inspection on Chip 
Electrical Characteristics 

Chip 

Electrical Characteristics 




p Chip Scribe 


Appearance of Chip 




3 Inspection on Chip 
Appearance 






OPQC Lot Judgement 





-Frame — - 

< 

3 Assembling 

Assembling 

Appearance after Chip 

Quality Check of Chip 





Bonding 

Bonding 





Appearance after Wire 

Quality Check of Wire 





Bonding 

Bonding 



OPQC Level Check 


Pull Strength, Compresion 

Prevention of Open and 





Width, Shear Strength 

Short 



3 Inspection after 

Assembling 


Appearance after Assembling 



-Package- 

OPQC Lot Judgement 





3 Sealing 

Sealing 

Appearance after Sealing 

Guarantee of Appearance 





Outline, Dimension 

and Dimension 



OPQC Level Check 

Marking 

Marking Strength 



C 

3 Final Electrical Inspection 






OFailure Analysis 


Analysis of Failures, Failure 

Feedback of Analysis Infor- 





Mode, Mechanism 

mation 


t 

3 Appearance Inspection 





j 

^Sampling Inspection on 
Products 





1 

3 Receiving 

' Shipment 






Fig. 3 Example of Inner Process Quality Control 
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department for products which were judged good 
in 100% test . . . the final process in manufac- 
turing. Though 100% yield is expected, sampling 
inspection is executed to prevent mixture of bad 
product by mistake. The inspection is executed not 
only to confirm that the products have met the 
users' requirements but also to consider potential 


quality factors. Lot inspection is executed based 
on MIL-STD-105D. 

(2) Reliability Assurance Tests 

To assure the reliability of semiconductor devices, 
reliability tests and tests on individual manufac- 
turing lots that are required by the user, are peri- 
odically performed. 



Fig. 4 Process Flow Chart of Field Failure 
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■ OUTLINE OF TESTING METHOD 


1 . Inspection Methods 

Compared to conventional core memories, all peri- 
pheral circuits such as decoder, write, and read cir- 
cuits are contained within an 1C memory. 

A function test for TTL gates can be performed by a 
simple DC parameter facility. 

1C memory quality cannot be determined by inspecting 
DC characteristics only, because the number of tran- 
sistors relating to the DC pin characteristics only 
amount to 1/1000 of all elements. Systematic elec- 
trical inspection of 1C memories requires a memory 
tester which generates an inspection pattern for the 1C 
memory at high speed. When the address input 
becomes multiplexed, as in 1 6K memory, even gener- 
ating the function test pattern becomes a serious 
problem. The following address patterns are represen- 
tative of those used to determine whether internal 
circuits are functioning properly: 

(1 ) All "Low,” all "High" 

(2) Checker flag 

(3) Stripe pattern 

(4) Marching 

(5) Galloping 

(6) Walking 

(7) Ping-pong 

From many possible address patterns, we have listed 
a group of patterns convenient for checking the 
mutual interference of bits, including some with max- 
imum power dissipation. (1) to (4) are N patterns, 
capable of checking 1C memories of N bits with several 
sequences of N against the 1C memory of N bits. (5) to 
(7) are N 2 patterns which require several sequences of 
N 2 . 

A serious problem arises in using the N 2 patterns in 
large capacity memory. For example, a period of about 
30 minutes is required to inspect 1 6K memory with a 
galloping pattern. Patterns (1 ) to (3) are comparatively 
simple and effective methods, but do not guarantee 
protection against a failure in the decoder. The 
simplest pattern for inspecting the necessary memory 
function is a Marching pattern. 


2. Marching Pattern 

As its name indicates, this is a pattern in which "1 " 
marches into all bits written "0". The addressing 
method is explained in the following example for a 
simple 16-bit memory: 

(1 ) Write "0" for all bits (Fig. la). 

(2) Read "0" of Oth address and check that read data 
is "0". Hereafter, "Read"= "checking and judging 
the data." 

(3) Write "1" in the Oth address (Fig. 1b). 

(4) Read "0" of 1st address. 

(5) Write "1" in 1st address. 

(6) Read "0" of nth address. 

(7) Write "1" in nth address (Fig. 1c). 

(8) Repeat above procedures (6) and (7) up to the last. 
Finally all data will become "1." 

(9) Since all data is "1 " in this condition, replace "0" 
and "1 " after procedure (2), and repeat once more 
up to procedure (8). 

It is understood that 5N address patterns are neces- 
sary for the N bit memory in this method. 

<b; 

10 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

Fig. 1 Addressing method for 16 bits memory in the 
Marching pattern 

3. Generation of Marching Pattern 

A method of generating the marching pattern and 
displaying failed bits on the Braun tube is shown 
below. Fig. 2 shows the block diagram, with the 
address pattern generated by four synchronous 4-bit 
counters. All address patterns are shown in Fig. 4— an 
example of 1 6K bit memory. It can be seen that A1 4, 
which has half the frequency of the maximum address 
input A13, is the same as the data input. The A15 
signal together with the HD74161 carrier signal is 
used to determine the sequence termination. 

In the read and write cycles shown in Fig. 2, after 
clearing all bits, addressing is twice the period of 
clearing. This switching is performed at the binary 
gate, following the reference pulse generating circuit. 
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Outline of Testing Method 



Fig. 2 Marching Pattern Generating Circuit 



-1 Sequence - 


-"0"Read"^Write- 


4- 


— “l’Read'O” Write — 


juu* jLTLn* i_n_n_n, ,_n_ 



(Din) 
Ais - 


Fig. 4 Entire Pulse Relations 



(a) Vbb -0.3V X Address • 



(b) Vbb=— 0.1V X Address 


Fig. 3 Fail Bit Map Display Circuit 


Fig. 5 Example of Dependency of Fail Bit Map on Vgg 


The output of the HD741 61 is input to the D/A con- 
verter, and the output of D/A converter is connected 
to the oscilloscope to display A X-Y matrix. The output 
of the comparator circuit is connected to the Z axis and 
performs luminous intensity modulation. In this way, 
the bit map can be displayed on the CRT. 

Fig. 5 shows an example of a voltage margin check. By 
changing Vbb, the increase and decrease of failed bits 
can be seen. The complicated operation of the 
memory can be seen dynamically by CRT display, 
rather than by pulse waveform observed with an ordi- 



X Address 


Fig. 6 Example of 1 bit solid fail 
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Outline of Testing Method 


nary oscilloscope. The bit map as shown in Fig. 5 is 
extremely useful in observing 1C memory operation. 


4. Failure Mode 

70~90% of failure at user end is called a solid 
failure — a mode which has no relation to access time, 
voltage margin and timing. In this failure mode, the 
memory is not capable of reading from or writing to 
certain specified bits, which are fixed at “0" or "1 ". An 
example of single bit solid failure is shown in Fig. 6. 
The convenient tester previously described can detect 
such failures. Except for special cases, it is rarely 
necessary to perform high-precision measurements 
such as those made by 1C memory manufacturers. 

Full inspection of 1C memories under adverse condi- 
tions, performed by Hitachi, guarantees voltage and 
timing conditions listed in the data sheet. 

An extremely accurate memory tester is required for 
performing high-precision inspection with 1 ns accu- 
racy. Hitachi is developing testers to supply newer 
high-efficiency memories with excellent characteris- 
tics and quality. 
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■ APPLICATION OF DYNAMIC RAMS 


1 . Power On 

When power is applied to a semiconductor memory, 
power-on current varies with Vcc and clock condi- 
tions, as shown in Fig. 1 . If the rise time of Vcc is in the 
IQks range, the RAM does not operate dynamically, 
causing a surge of Ice current. This Icc current surge 
may be avoided by insuring that Vcc rise time is longer 
than 100//S. 

> 5 

£ 0 

15 

E 10 

5 

0 



Vcc Rise Time = 10jus 
Time (ft s) 



7 
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Its-- 

Vss 


/ 

/ 

j . 






i 

k: 

KAS,C AS= Vcc] 

=□ 

_E_ 


100 200 300 400 500 
Vcc Rise Time = 100jus 
Time (ft s) 




Fig. 2 Operating modes of Dynamic RAMs 

2. Data Output 


Fig. 1 Relationship between standard value 
of Icc and Vcc during power-up 

2. Operation Modes (See Fig. 2) 

(1) Read-Cycle: 

First decide the X address of the memory cell 
chosen, and start with trailing of RAS. When the X 
address is held by the internal circuitry, change to 
Y address. Then trail CAS to take in the Y address. 
If the WE pin is at high, the output will appear on 
the Dout pin. 

(2) Write Cycle: 

The i nput at Din is written in the memory cell 
when WE turns to low before CAS. 

(3) Read/Modify/Write Cycle: 

During this cycle, CAS and WE are trailed down to 
low, so that data is read out from, and written in, 
the same address in the same memory cycle. 

(4) Page Mode Cycle : 

In this cycle, CAS is cyclically moved after taking in 
the X address through RAS, to scan only the Y 
address. This permits reading out and writing in 
only one column of data at high speed. 


Dout is a TTL-compatible, three-state output wit h two 
TTL-load fan out. The output is controlled by the CAS 
signals. In the early write cycle, the output reaches 
high impedance to permit use as a common I/O 
terminal. 

3. Refresh Cycle 

Refresh is a process of periodical rewriting to offset 
the le akage of charge in the cell, and is implemented 
in the RAS only refresh cycle, and ordinary read cycle. 
Whether 1 6K- or 64K-bit, all bits can be refreshed by 
giving a 1 28-cycle scanning to only the X addresses 
between AO and A6. Each cycle refreshes 1 28 bits for 
the 1 6K-bit DRAM, and 512 bits for the 64K-bit RAM. 

The RAS only refresh cycle permits a power-efficient 
refresh that calls for approximately 75% of current 
consumed by the read cycle. With CAS fixed at high, 
the output reaches high impedance. 

The HM4816A has a special function called hidden 
refresh which allows holding the output by turning 
CAS to low during RAS only refresh. 

There are two methods of refreshing: 

(1) Concentrated-— giving a 128-cycle refresh after 
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Application of Dynamic RAMs 


operating the memory for a period of 2ms 
maximum. 

(2) Deconcentrated — which repeats a refresh cycle 
every 1 6/js, following the initial 1 6/j memory oper- 
ation (=2ms/128). 

4. Operating Current in Dynamic RAMs 

Fig. 3 shows the waveforms of current applied in 
various operating modes for HM4864. The mean 
operating current in each mode equals the value 
obtained by dividing the integrated result of each 
waveform by the cycle time. The first peak in each 
mode appears during memory access. On the other 
hand, the peak during standby appears due to the 
precharging operation in each circuit. 



— (• — 50ns 

Fig. 3 Power supply voltage (HM4864) 

DRAMs show different current peaks, depending 
upon RAS and CAS timing. The largest peak appears 
when both X and Y operate simultaneously. The max- 
imum current peak for HM4864 is approximately 
100mA. Current consumed during standby is ex- 
pressed as a function of cycle time dependency in Fig. 
4. During standby, with a once-in-every16/is refresh, 
HM4864 consumes approximately 3mA current. 



5. Noise 

Noise can be classified into power source noise, and 
input signal noise. The power source noise can be 
further classified as low- or high-frequency noise as 
shown in Fig. 5. To assure stable memory operation, 
peak-to-peak power supply voltage, in the presence of 
low- or high-frequency noise, should be held below 
1 0% of standard level. To prevent power source noise, 
we recommend a condenser of 0.1 //F for each one or 
two devices. 

Input signal noise can be classified overshoot or 
undershoot. Overshoot should be held below the 
highest input level specified. To prevent input- 
undershoot-induced parasitic transistor effects, a -5V 
Vbb is used (three supply designs) or a built-in Vbb bias 
circuit is included on chip. 

Design should provide that the input undershoot does 
not exceed the minimum specified for Vn_. Overshoot 
and undershoot in DRAMS can be reduced by 
inserting a damping resistance of several tens of 
ohms. 


High-frequency noise : 

Not more than 10% of standard 
power supply voltage. 



Not more than 10% of standard power 
supply voltage. 

Total of low-and high-frequency ' 

Not more than +10% of standard power 
supply voltage. 

Fig. 5 Power source noise 


Fig. 4 Cycle time dependence of RAS only 
refresh current (HM4864) 
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■ PROGRAMMING & ERASING OF PROMS 


1. PROGRAMMING AND 
ERASING EPROMs 

1.1 Programming 

Information is programmed into the memory ceil of an 
EPROM by applying a high voltage to its drain and gate 
(Fig. 1 and 2). High voltage at the drain increases the 
energy of the electrons in the channel area, which 
become "hot electrons" capable of jumping across the 
oxide film. Pulled by high voltage at the gate, the hot 
electrons are admitted into the floating gate. The 
charge entering the floating gate changes the thresh- 
old voltage in the memory element, thereby storing 
new information. 

When reading out, voltage is applied as in Fig. 3, and 
"1 " and "0" are identified by checking whether or not 
current flows. Since the drain voltage for read-out is 
set at 3V, no erroneous writing takes place. 

When shipped, all EPROM bits are held at logic "1 " 
with ail charge released (no programmed data). In 
changing "1 " to "0" by applying the specified wave- 
form and voltage, data is programmed. The higher the 
Vpp voltage, and the longer the program pulse width 
t p W, the greater the quantity of electrons programmed 
in, as shown in Fig. 4. 

If Vpp exceeds the rated value, as in overshoot, the 
memory's p-n junction may yield to permanent break- 
down. To avoid this, check Vpp overshoot of the PROM 
programmer. Also check negative-voltage-induced 
noise at other terminals, which can create a parasitio 
transistor effect and reduce apparent yield. 


Gate 

1 

rn. 


Fig. 1 Memory transistor 
circuit symbols 


PolysiliconV. 

\==|-/ UX,de i 

>ource — ■ -\^ l \y j—\ 

\ J l J 


•Oxide film 
D rain 


Fig. 2 Cross section of 
memory transistor 



Fig. 3 Reading out stored information 




Program Vpp (V) 

Fig. 4 Typical Programming Characteristics 
of EPROMs. 


Vos 
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Programming & Erasing of PROMs 


1.2 Erasing 

Hitachi's EPROMs are usually capable of being 
written and erased more than 1 00 times. Data stored 
in the EPROM is erased by exposing the chip to ultra- 
violet light, which releases the electric charge from 
the floating gate. Electrons in the floating gate receive 
ultraviolet energy, become hot electrons again and 
jump into the control gate or substrate. This process 
erases the stored data. 

Wavelength and minimum exposure of ultraviolet 
light are specified as 2,537A, and 15W sec/cm 2 
respectively. Erasure occurs by exposing a device to 
an ultraviolet lamp of 1 2,OOOyuW/cm 2 at a distance of 
1.2~3cm for approximately 20 minutes. The ultra- 
violet light transmission rate of the transparent lid is 
about 70%. Contamination or foreign material on the 
surface — which lowers transmission and prolongs 
erase time— should be eliminated by the use of 
alcohol or other solvent that will not damage the 
package. Fig. 5 shows typical EPROM erasure 
characteristics. 



Fig. 5 Typical Erasing Characteristics 


1 .3 Data Retention 

As a result of writing in, ?»poroximately 0.5 to 2.0 x 
10' 13 coulomb of electrons are accumulated at the 
floating gate. With the elapse of time, these electrons 
decrease, which can result in inversion of stored data. 
The mechanisms of electron dissipation are explained 
as follows: 

(1) Data Dissipation by Heat 

The accumulation of electrons at the floating gate 
is an unbalanced state, so the dissipation of ther- 
mally excited electrons is unavoidable. Data 
holding time is closely related to temperature. Fig. 
6 shows typical data retention characteristics. 

(2) Data Dissipation by Ultraviolet Light 
Ultraviolet rays at a wavelength of not greater 
than 3, OCX) ~ 4,000A will release the charge stored 
in EPROMs. Prolonged exposure to fluorescent 
light and sunlight, which contain some ultraviolet 
rays, can cause data corruption. Fig. 7 shows 
examples of data retention time using ultraviolet, 
sunlight, and fluorescent light sources. 



Fig. 6 Typical Data Retention Characteristics 



Fig. 7 EPROM’s data retention time 
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Programming & Erasing of PROMs 


(3) Data dissipation by voltage 

This type of dissipation occurs while information is 
being written in. High voltage at other memory 
cells lying on the same word or data line as the cell 
being programmed, can cause dissipation of 
stored electric charge. Such defects are elimi- 
nated by inspection at the factory. The programing 
voltage and pulse width should always be kept 
within specified limits. 

1 .4 EPROM Programmer 

An EPROM Programmer stores program data from a 
source in its internal RAM, and writes the program 
data into an EPROM. A minimum of 3 functions are 
necessary to accomplish this: the Blank check func- 
tion prior to programming, the Programming function, 
and the Verify function. As shown in the drawing, 
programmers also are provided with a reverse inser- 
tion checking function, or pin contact checking func- 
tion, prior to the Blank Check. The diagram is outlined 
as follows: 

(a) Pin contact check 

Checking is performed by detecting the forward 
current of each EPROM pin. This forward biased 
resistance differs between product manufacturers. 

(b) Reverse insertion check 

This check detects reverse insertion of the device, 
places the equipment in reset mode, and protects 
the device and equipment. 

(c) Blank Check 

This function is performed prior to programming 
to determine whether the EPROM is erased, or to 
prevent EPROM reprogramming. With output data 
in the erased condition at "1 " (high), check 
whether or not data in the EPROM is also at "1 ."It 
will failstop, if any "0" is detected. Normally, a 
lamp or buzzer provides warning. 

(d) Programming 

Normal programming flow is shown below. An 
EPROM data word will be read out prior to pro- 
gramming, and compared with programming 
data. If they coincide, programming will be 
skipped; and if they differ, programming will be 
performed. Read out will be again compared with 
programming data, and if they coincide, it will 
progress to the next address. 



(e) Verify 

This function after programming completion, 
checks that the programming is correct when 
compared with data in the internal RAM of the 
programmer. It performs fail-stop when data does 
not coincide, lighting the fail lamp, and displaying 
the address and data. 
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Programming & Erasing of PROMs 


(f) How to input the program 

The following methods are given to input program 
data to the internal RAM of the programmer. 
Paper tape input and teletypewriter input are usu- 
ally options. 


Method 

Content 

Copy input 

Input by copying the master ROM. 

Manual input 

Input by the keyswitch of the front 
panel. Used for correction or 
revision of program 

Paper tape input 

Read the paper tape furnished 
from the host system with the 
tape reader 

Teletypewriter 

Input with the teletypewriter. 

input 

Preparation, correction and list 
preparation of the program can be 
made. 


1.5 Handling EPROMs 

Contact with a charged human body, plastics, or dry 
cloth causes the glass window of an EPROM to gen- 
erate static electricity which could cause device mal- 
function. Typical malfunctions are faulty blanking and 
write margin setting, which give the impression that 
information has been correctly written in. This mal- 
function is due to prolonged retention of electric 
charge on the glass window, resulting from the static 
electricity. It can be eliminated by neutralizing the 
charges through short exposure to ultraviolet rays— a 
procedure recommended before reprogramming, as it 
also reduces charges in the floating gate. To prevent 
charging of the window, use the following methods: 

(1 ) Use a grounding system for the operator handling 
EPROMs, and avoid use of gloves that may 
develop a static charge. 

(2) Refrain from rubbing the glass window with plas- 
tics and other substances that may develop a 
charge. 

(3) Avoid use of coolant sprays which contain ions. 

(4) Use shielding labels with conductive substances 
that can evenly distribute the established charge. 


1 .6 Shielding Labels 

When using EPROMs in environments where ultravi- 
olet exposure can occur, put a shield label over the 
glass window to absorb ultraviolet light. Specially pre- 
pared labels are marketed, and metal-loaded types are 
particularly effective. Few shielding labels meet all 
environmental requirements established for EPROMs. 
A suitable label must be chosen for each application 
by considering the following label characteristics: 

(1) Adhesive Strength 

Avoid repeated attaching and dusting which may 
reduce adhesive strength. Ultraviolet erasure and 
reprogramming are recommended after stripping 
off an attached label. If labels must be changed, 
attach the new label over the old, since peeling 
may develop a static charge. 

(2) Temperature Range 

Use a shielding label in an environment where 
temperature falls within the specified allowable 
range. Beyond this range, label paste may harden, 
or remain on the window glass even after the label 
is removed. 

(3) Humidity Range 

Use a shielding label where humidity does not 
exceed the specified allowable range. 
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Programming & Erasing of PROMs 


2. PROGRAMMING BIPOLAR PROMS 

2.1 Programming System 
Bipolar PROM storage systems are classified as blown 
diode type, and fuse type. In the blown diode system, 
the Emitter-Base junction is short-circuited by A1, 
which has penetrated into the Base because of a 
current pulse applied to the E-B junction (Fig. 6). 
Hitachi devices use the blown diode system, which is 
considered to be more reliable. 

In the fuse system (Fig. 5), the metal fuse is burned off 
by current, and a grow back phenomenon, or migra- 
tion and recombination of the metal, can occur. 



2.2 Programming Method 

Programming is executed with conventional equip- 
ment (PROM writer), using a personality board suited 
to the product. 

A Blank check is first performed. Next write the 
pattern you want to program, bit by bit. At every appli- 
cation of current pulse, confirm program by sensing 
the output level. This process should be performed for 
all bits into which you want to write. When program- 
ming is completed. Verify is performed. 

At Blank Check, Sense and Verify, high ouxpui pin 
level (non-programmed), or low level (programmed) is 
checked by the sense current (Is). Vs ~ Is characteris- 
tics for normal series and S series is shown in Fig. 8 
and 9, respectively. Specified value of Is for both series 
is 20mA, and voltage reference level is 7.5V. 

Fig. 10 and 1 1 show the relationship between pro- 
gram current and program pulse number for 1 bit to be 
written. Program current is specified at 130mA in 
normal series, and at 90mA in S series. 


Short-circuit 
in Programming 

Bit Line 

Word Line 

Fig. 6 Blown 

diode system 
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Programming & Erasing of PROMs 



Fig. 8 Vs — Is Characteristic of Normal Series (HN25089) 



Program Current Iw (mA) 

Fig. 10 Program Pulse — Iw Characteristic of Normal Series 
(HN25089) 

2.3 Programming Characteristics of Hitachi 
Bipolar PROMs 

(a) Low program current 

1 30mA for normal series, and 90mA for S series is 
required for programming, resulting in few in- 
stances of voltage breakdown and parasitic effects. 

(b) Fast programming speed 

As seen in Fig. 10 and 1 1 , one program pulse per 
bit is usually sufficient, reducing the program time 
per device. For the example of 8k bits, only 2 or 3 
seconds is required. 



Fig. 9 Vs — Is Characteristic of S Series (HN25169S) 



Program Current Iw (mA) 

Fig. 1 1 Program Pulse — Iw Characteristic of S Series 
(HN25169S) 

(c) High programming yield 

Unlike MOS PROMs, Bipolar PROMs cannot be 
rewritten. Programming and inspection for pro- 
duct defects prior to delivery is not possible. Pro- 
gramming efficiency is 90~95% when performed 
at the user end. Special tests such as actual pro- 
gramming on the chip's dummy cell, and per- 
forming continuity tests of all memory cells, are 
executed at the factory, to minimize delivery of 
defective products. 
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Programming & Erasing of PROMs 


2.4 Programming 

There are two methods of programming PROMs, as 
follows: 

2.4.1 Programming by the PROM manufacturer 
As shown in the drawing below, the manufacturer 
receives specifications designating the program pat- 
tern, performs the writing function, and delivers the 
programmed PROM. 


Submittance of 



rrogram specincation 

PROM 

User 


Manufacturer 




Programming 


(Hitachi) 


2.4.2 Programming by the user 

The user purchases the following items certified for 

Hitachi products: 

(1) PROM WRITER (Main unit of programming 
equipment) 

(2) Personality board unique to manufacturer and 
device type. 

(3) Minimum of one socket per product, purchased 
from the PROM WRITER manufacturer. 


PROM Purchase, 



User 


Development Demand 
of Hitachi Exclusive 
Performance Board 
and Socket. 

Manufacture of Board 
and Socket 

Manufactcrer’s 

Certification 


Purchase of PROM 
WRITER, 

Performance Board 
(Hitachi Certified 
Item) and Socket 
(Hitachi 
Certified Item). 


PROM 

WRITER 

iManufacturerl 


Fig. 12 Relationship among Hitachi, User and PROM 
WRITER manufacturer 


2.5 Programming Device 

There are about 10 programming device manufac- 
turers, but not all manufacturer's devices are appro- 
priate. A manufacturer must develop and qualify a 
board dedicated to Hitachi products. Hitachi can pro- 
vide a list of recommended programming device 
manufacturers who meet all certification require- 
ments. Please -contact our sales engineering staff for 
this information. 
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■ MASK ROM PROGRAMMING INSTRUCTION 


The writing of custom program codes into mask ROMs 
is performed by the CAD system, using a large scale 
computer. ROM code data should conform to specifi- 
cations given below, using either paper tape, EPROM 
or magnetic tape. Additional instructions, such as chip 
select and customer part number, should be given in 
the “ROM Specification Identification Sheet." 

1 . Overall Specifications 


is fed into a large scale computer, please observe the 
following specifications: 

1 .1 Paper Tape Specifications 

1.1.1 1 -inch-wide paper tape marketed for compu- 
ters must be used. Any color may be used, although 
black is recommended. 

1.1.2 Allow more than 600 frames for the leader and 
trailer. 


Since the submitted paper tape, card or magnetic tape 


^^^^^0 00.00000 

ooooooooooooooooooo 

o 

o 

o 

o 

o 

o 

o 

o 

1 M Lcndcr 

Data 


tMore Than 600 Frames) 

( 

More Than 600 Frames) 


1 .1 .3 Parity mode 

The presence and type of parity must be clearly indi- 
cated in the “ROM Specification Identification Sheet." 
Modes in the parity system are: 


(1) With parity 

Even parity EVEN 

Odd parity ODD 


(2) Without parity 

1 .1 .4 Use of the 8-unit ASC1 1 coding system is spec- 
ified for the code. 

1 .2 Specification of Magnetic Tape 

1.2.1 The following type of magnetic tape is specified, 
which can be entered in a magnetic tape device com- 
patible with the IBM magnetic tape device: 


(1 ) Length 2,400 feet, 1 ,200 feet, or 600 feet 

(2) Width Vi inch 

(3) Channel 9 channels 

(4) Bit Density 800 BPI or 1 ,600 BPI 

(clearly state bit density in the 


"ROM Specification Identification Sheet.”) 

1.2.2 Use EBCDIC code. 


1 .2.3 Follow the format for magnetic tape described 
as follows: 

(1) No leading tape mark 

(2) No label 

(3) Record size 80 byte/1 record 

(4) Block size 10 records/1 block 

(5) Indicate end of the file with 2 successive tape 
marks (TM). 

1 .2.4 Ensure that magnetic tapes represent one roll 
for each chip. Extending the single-chip portion over 
several rolls is unacceptable. 

2. Data Mode 

2.1 HMCS6800 Load Module Mode 

This mode is the object mode output from the 
HMCS6800 assembler. 

2.1.1 Divide the 8-bit code into the upper and lower 
4-bit codes, and convert each into hexadecimal nota- 
tions. (Example: The code of 1 1 00 01 1 0 is as follows 
under binary notation.) 

2.1 .2 The composition of the load module mode is 
shown in the following example for paper tape. The 
numbers written in the tape are ASCII code hexade- 
cimal numbers of the data. 


Block 1 


Block 2 


Block 3 


T 

M 


T 

M 


E 

0 

T 
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Mask ROM Programming Instruction 



, Leader( NULLS) 

(CR) 

'LF> 

(NULL) -4 

S = Head of Record 
CC= Type of Record 

Byte Count 
■2 Frames - 1 Byte' 


(Note) The check sum is a technique which disregards the complement on one of each bit sum of the 8 bits. 
2.1 .3 The actual load module is shown as follows: 


CC*30 


CC=31 


CC=39 


Heade r 
record 


Data End of 

record file record 


Frame 


1 Record Start 

5 3 

S 

5 3 

S 

5 3 

S 

2 Record Type 

3 0 

0 

3 1 

1 

3 9 

9 

3 

A Byte Count 

3 0 

3 6 

0 6 

3 1 

3 6 

1 6 

3 0 

3 3 

0 3 

5 

6 

7 Address Size 

8 

3 0 

3 0 

3 0 

3 0 

0000 

3 1 

3 1 

3 0 

3 0 

1100 

3 0 

3 0 

3 0 

3 0 

0000 

10 Data 

3 4 

3 8 

48-H 

3 9 

3 8 

9 8 

4 6 

4 3 

p r ( Check 
•Sum) 

Data 

3 4 

3 4 

44-D 

3 0 

3 2 

0 2 


Data 

3 5 

3 2 

52-R 

===== 


^ Check Sum 

3 1 

4 2 

IB ( Check Sum ) 

4 1 

3 8 

A8 (Check Sum ) 


SO indicates the head of the file, and S9 indicates the 
end of the file. The actual data enters following SI or 
from the address (hexadecimal) indicated in the 
address size. The address ojf the data recorder address 
is compared with the next data recorder address, by 


counting in 1 -byte increments, and checking whether 
or not it is sequential. Where the address is skipped, 
00 or FF data enters hexadecimally. A printed example 
on paper tape for the HMCS6800 load module mode is 
as follows: 


Example 

Header Record - S 0 0 B 0 0 0 0 5 8 2 0 4 5 5 8 4 1 4 D 5 0 4 C B 5 

Data Record -S113F0007EF5587EF7897EFAA77EF9C07EF9C47E24 

Data Record ->S112F010FA657EFA8B7EFAA0 7EF9DC7EFA247E06 
End of 

File Record -S9030000 FC 
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Mask ROM Programming Instruction 


2.1 .4 The ROM code data capability is indicated in 
the following four case types. A header recorder is 
required in front of the data recorder and an end of file 
recorder at the back of the data recorder. 

(1 ) When the data reaches full ROM capacity: 

The ROM recorder for 1 chip 
enters into the data recorder. 
Since the address of the data 
</ recorder address size counts the 

^ Data ^ data and checks whether or not it 

</ /, is in a sequential address, the 

'z '/ address can not be skipped. The 

ROM head address column on the 
"ROM Specification Identification 
Sheet" is 0. 

(2) When data is input from ROM enroute: 

In this case, enter a decimal nota- 

tion in the ROM head address 

footr ff) column on the "ROM Specifica- 

777777/ tion Identification Sheet," to iden- 

^ ^ tify the ROM address chosen for 

'Z z data input. The 00 or FF data will 

enter into the blank address by 
R0M .... 

hexadecimal notation. 


(3) When data is input by skipping intermediate 
address: 

The address of the data recorder 
address size is counted in 1 -byte 
increments, compared with the 
next data recorder address, and 
checked whether or not it is 
sequential. 00 data automatically 
enters by hexadecimal notation 
into the ROM code of the skipped 
address. Therefore, it is also pos- 
sible to write data per the fol- 
lowing drawing. In this case, note 
on the "ROM Specification Identi- 
fication Sheet" that the ROM 
head address enters from 0 
address for data I, and from which 
address it enters for data II. 

(4) When the data is less than ROM full capacity: 
Where data volume is less than 
ROM LSI total byte capacity when 
the end of file recorder appears, 
write the ROM code as shown in 
the following drawing. 

(Example shows a paper tape when the data recorder 
is SI 141920B6-FC...) 





2.2 BNPF Mode 

2.2.1 One word is symbolized by the word start mark 
(B). The bit content is represented by 8 characters of P 
and N, and the BNPF slice is composed of 10 succes- 
sive characters of the word end mark (F). 

2.2.2 The contents are ignored from F of one BNPF 
slice up to B of the next BNPF slice. 

(Example: The OF code symbolized by hexadecimal 
notation is given for paper tape.) 


2.2.3 The bit pattern (PNPF slice) must be desig- 
nated on all ROM addresses. Therefore, the ROM 
head address is 0 on the "ROM Specification Identifi- 
cation Sheet." 


B Indicates starts of 1 word. 

N Indicates "0" of 1 bit data. 

P Indicates "1 " of 1 bit data. 

F Indicates end of 1 word. 
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Mask ROM Programming Instruction 




BNNNN PPPPF 


Di Di Ds D< Di Dj Di Do 


Note 1 : SometimesX is used in addition to P and N in 
the word content display, or BNPF slice. X 
means the user is not concerned whether the 
bit is P or N. However, since it is required for 
performing tests, Hitachi makes a selection, 
and a notation in the identification table. 

Note 2: The BNPF slice contents are not only those 
with the continuation of NP; a B*nF also can 
be used to indicate that from this slice, con- 
tents of the previous slice will be repeated for 
n words. For example, when B*4F exists at 
the 1 0th word, the content of the 9th word 
will be repeated in the 1 0th, 1 1 th, 1 2th, and 
13th words. (It does not necessarily mean 
that X content in Note 1 above will be 
repeated.) n should start from 1, and be a 
number below the total ROM addresses. 

Note 3: If a certain block is not used (existing unused 
ROM address), disposition is made per Notes 
1 and 2. 


Mask ROM Development Flowchart 
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HM4334-3, HM4334-4 

HM4334P-3, HM4334P-4 


1024- word x 4-bit Static CMOS RAM 


■FEATURES 




Single 5V Supply 
Low Power Standby and 
Low Power Operation; 

Access Time; HM4334/P-3: 

HM4334/P-4: 


Standby: 10 /liW (typ.) 

Operation: 20mW (typ.) 

300 ns (max.) (5V±5%) 
450 ns (max.) (5V±10%) 


Directly TTL Compatible: All inputs and outputs 
Common Data Input and Output using Three-state Outputs 


On Chip Address Register 


■BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage On Any Pin* 

V T 

-0.3 to Vcc 4-0.5 

V 

Power Supply Voltage* 

Vcc 

-0.3 to 4-7.6 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

P»pr 

0 to +70 

# C 

Storage Temperature (Plastic) 

T, t g 

-55 to +125 

*C 

Storage Temperature (Cerdip) 

T.« 

—65 to +150 

°c 


* with respect to GND 



■PIN ARRANGEMENT 
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 


■RECOMMENDED DC OPERATING CONDITIONS (To- 0 to +70*0 


Item 

Symbol 

HM 4334/P -3 

HM4334/P-4 | 

Unit 

min 

typ 

max 

min 

typ 

max | 

Supply Voltage 

Vcc 

4.75 

5.0 

5.25 

4.5 

5.0 

■hh 

V 

GND 

0 

0 

0 

0 

0 

0 

V 

Input Voltage 

V,H 

2.4 

- 


2.4 

- 


V 

VlL 

-0.3 

- 

0.8 

-0.3 

- 

! °* 8 

V 


■DC AND OPERATING CHARACTERISTICS 

(To-0 to +70"C, GND-OV, HM4334/P-3 : Vcc-5V±5%, HM4334/P-4 : V CC -5V±10%) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

hi 

V/Af — 0 to Vcc 

-1.0 

- 

+ 1.0 

M 

Output Leakage Current 

Ilo 

CE-V/h, K.,-0 to Vcc 

-1.0 

- 

+ 1.0 

M 


Icci 

CE-OV, V IN -Vcc, I, so- 0 


- 

1.0 

mA 


Icct 

CE-0.8V, V/ W -2.4V, h/o—Q 

- 

2.5 

5.0 

mA 

Average Operating Current 

Icc 3 

V IN -0 or Vcc, /— 1MHz, duty 50%, hso-Q 

- 

4 

7 

mA 

Standby Power Supply Current 

ICCL 

CE^ Vcc— 0.2V 

- 

2 


M 

Output Voltage 

VOL 

Iol — 2.0mA 

- 

- 

■a 

V 

VoH 

Ioh—~ 1.0mA 

2.4 

- 


V 


■CAPACITANCE (To- 25*C, /-1MHz) 


Item 

Symbol 

Test Condition 

min 

typ 


Unit 

I/O Terminal Capacitance 

Cl/O 

Vuo- 0V 

- 

7 

10 

pF 

Input Capacitance 

C.R 

v.-ov 

- 

3 

5 

pF 


■AC CHARACTERISTICS 

( Ta— 0 to +70°C, GND-OV, HM4334/P-3 : Kcc-5V±5»/», HM4334/P-4 : Vcc-5V±10%) 


Item 

Symbol 

HM4334/P-3 j 

HM4334/P-4 

Unit 

min 

typ 

max 

min 

typ 

max 

Read or Write Cycle Time* 

TELEL 

tc 

460 

- 

- 

640 

- 

- 

ns 

Chip .Enable Access Time 

TELQV 

tAC 

- 

- 


- 

- 

450 

ns 

Chip Enable to Output Active 


tcx 


— 



- 

- 

ns 

Output 3-state from Deselection 


BlSSi 

- 

- 


- 

- 

100 

ns 

Write Enable Output Disable Time 

TWLQZ 

■ 

- 

- 


- 

- 


ns 

Chip Enable Pulse Width** 

TELEH 

tcE 


- 

- 

450 

- 

- 

ns 

Chip Enable Precharge Time 

TEHEL 

tp 


- 

- 


- 

- 

ns 

Address Hold Time 

TELAX 

tAH 

■ 

- 

- 

100 

- 

- 

ns 

Address Setup Time 

TAVEL 

tA S 

■ ■ 

- 

- 

20 

- 

- 

ns 

Read Setup Time 

TWHEL 

tRS 


- 

- 

0 

- 

- 

ns 

Read Hold Time 

TEHWL 

tRH 

HK9 

- 

- 

0 

- 

- 

ns 

Write Enable Setup Time 

TWLEL 

tws 


- 

- 


- 

- 

ns 

WE to CE Precharge Lead Time 

TWLEH 

twPL 

300 

- 

- 


- 

- 

ns 

Chip Enable to Write Enable Delay Time 

TELWL 

tcWD 


- 

- 


- 

- 

ns 

Write Enable Hold Time 

TEHWH 

t EWH 


- 

- 

0 

- 

- 

ns 

Write Hold Time 

TELWH 

twH 


- 

- 


- 

- 

ns 

Data Input Setup Time 

TDVWH 

TDVEH 

tos 

H 

B 

B 


- 

- 

ns 

Data Hold Time 

TWHDX 

TEHDX 

Idh 

■ 

- 

- 

0 

- 

- 

ns 

Write Data Delay Time 

TWLDV 

twDS 

100 

- 

- 


- 

- 

ns 

Chip Enable Rise/Fall Time 

TT 

t T 

- 

- 

300 


- 

300 

ns 


* TELEL(lc)-TELEH(lc«)+TEHEL(li.)+I.(20iis)+l/(20n.) 

** For Rood Modify Write Cycle, TELEH (let) -TELWUlcra) +TWLEH lien) + 1, (20ns! 
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 


■AC TEST CONDITIONS 


Input Level 

Input Rise and Fall Time . 
Timing Measurement Level 

Reference Level 

Output Load 


2.4V, 0.8V 
20ns 

2.4V, 0.8V 

Vqh = 2.0V, V 0 L = 0.8V 
1 TTL and C L = 100 pF 


• READ CYCLE 



• WRITE CYCLE 

Ao — A9 


Note) *; TEHQZ ( toFF \ ) defines the time at which the outputs 
achieve the open circuit condition and is not referenced to 
output voltage levels. 


CE 


WE 


1/0 


© 

VALID ADD. ^ 

mxmmmc 


\ 

|TELAX(u«) 

TELEL(/c) 

Y_ 

TAVEL 

(IAS) 

TELEH(f C £) 

TEHEL(tp) 

^ A 



r J 

TWLEL 

(firs) 

TELWH (twn) 




1 




5 A 

>7777777 



TDVWH 

| TDVEH(tos) 

TWHDX 

TEHDX (ton) 

HIGH-Z 

1 

r 

t HIGH-Z 

( VALID*DATA INPUT 

^ c 1 


1 
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Note) tpg and t^fj are measured from the earlier of CE or WE going high. 
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 


• READ MODIFY WRITE CYCLE 



*; TWLQZ if OFF* ) defines the time at which the outputs achieve 
the open circuit condition and is not referenced to output 
voltage levels. 

•CURRENT WAVEFORM 



[NOTE] Vcc - 5.0V, T, - 2S°C 

■LOW Vcc DATA RETENTION CHARACTERISTICS (Ta-0 to +7<TC) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Vcc for Data Retention 

V DR 

CES Vcc— 0.2V 

2.0 

- 

' - 

V 

Data Retention Power Supply Current 

IcCDR 

V o *-3.0V 

- 

0.5 

50 

M 

Chip Deselection to Data Retention Time 

tcDR 


0 

- 

- 

ns 

Operation Recovery Time 

tR 


tRC* 

- 

- 

ns 


♦ fac — Read Cycle Time 


• LOW Vcc DATA RETENTION TIMING 
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Supply Current (Stand By) Iccl (Normalized) 


HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 



ACCESS TIME v& SUPPLY VOLTAQE ACCESS TIME 

v& AMBIENT TEMPERATURE 
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HM4334-3, HM4334-4, HM4334P-3, HM4334P-4 


AVERAGE SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



Ta =*25‘C 





















■ 


- 













4.0 5.0 ' 6.0 

Supply Voltage Vcc (V) 


AVERAGE SUPPLY CURRENT 
vs AMBIENT TEMPERATURE 









Wc = 5V 






























-20 0 20 40 60 80 100 


Ambient Temperature Ta (*C) 


INPUT VOLTAGE 



Supply Voltage Vcc (V) 


INPUT VOLTAGE 
vs AMBIENT TEMPERATURE 
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HM6148, HM6148-6 

HM6148P, HM6148P-6 


1024-wordx 4-bit High Speed CMOS RAM 


■FEATURES 

• Single 5V Supply 

• Fast Access Time HM6148/P 70 ns (max.) 

HM6148/P-6 85 ns (max.) 

• Low Power Standby and Standby: 100/iW (typ) 

Low Power Operation; Operation: 200mW (typ) 

• Completely Static RAM; No Clock or Timing Strobe Required 

• No Peak Power-On Current 

• No Change of tAcs with Short Deselected Time 

• Equal Access and Cycle Times 

• Directly TTL Compatible; All Inputs and Outputs 

• Three State Output 

• Common Data Input and Output 

• Pin-Out Compatible with Intel 2148 


■BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Terminal Voltage* 

V T 

— 0.5 A to +7.0 

V 

Power Dissipation 

Pt 

1.0 

w 

Operating Temperature 

Topr 

0 to +70 

°c 

Storage Temperature (Plastic) 

T., t 

-55 to +125 

°c 

Storage Temperature (Cerdip) 

T., t 

-65 to +150 

°c 

Storage Temperature** 


10 to +85 

°c 


* with respect to GND. A — 1. OV (Pulse Width ^ 50ns) 
** Under Bias * 



■PIN ARRANGEMENT 



■TRUTH TABLE 


cs 

WE 

Mode 

Vcc Current 

" I/O Pin 

Reference Cycle 

H 

X 

Not Selected 

IsB , IsB 1 

High Z 


L 

H 

Read 

Icc 

Dout 

Read Cycle 

L 

L 

Write 

Icc 

Din 

Write Cycle 
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HM6148, HM6148-6, HM6148P, HM6148P-6 


■RECOMMENDED DC OPERATING CONDITIONS (Ta- 0 to +70”C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V,H 

2.4 

3.5 

6.0 

V 

V IL 

1 

o 

oo 

- 

0.8 

V 


* Vil min— — 1.0V(Pulse width£50ns) 


■DC AND OPERATING CHARACTERISTICS (Kcc=5V±10%, GND-OV, To- 0 to +70‘C) 


Item 

Symbol 

Test Condition 

min 

typ* 

max 

Unit 

Input Leakage Current 

\Il,\ 

Vcc -5.5V, V.„«=GND to Vcc 

- 

- 

2.0 

M * 

Output Leakage Current 

\1lo\ 

CS=V, Ht V, /0 ~ GND to Vcc 

- 

- 

2.0 

M 

Operating Power Supply Current 

Icc 

CS=-V/t, Ii/o = OmA 

- 

35 

80 

mA 

Icc l 

CS “V/l, Minimum Cycle, Duty 5 - 100%, Ii/o = 0mA 

- 

40 

80 

mA 

Average Operating Current 

I CC2** 

Cycle “150ns, Duty = 50%, L/o^OmA 

- 

35 

- 

mA 

Standby Power Supply Current 

IsB 

cs=v,« 

- 

5 

12 

mA 

I SB] 

CS^ Vcc— 0.2V, V..^0.2V or V„^Vcc-0.2V 

- 

20 

800 

M 

Output Voltage 

V 0 L 

/ot. = 8mA 

- 

- 

0.4 

V 

V 0 H 

I oh — —3. 2mA 

2.4 

- 

- 

V 


Notes) * Typical limits are at Vcc — 5.0V, Ta“25’C and specified loading. 
** Reference only. 


■CAPACITANCE (7o-25"C, /-1MHz) 


Item 

Symbol 

Test Condition 

min 

max 

Unit 

Input Capacitance 

c„ 

v.-ov 

- 

5 

pF 

Input/Output Capacitance 

C//0 

V //O “0V 

- 

12 

pF 


Note) This parameter is sampled and not 100% tested. 


■AC CHARACTERISTICS ( V CC = 5V±10%, Ta=Q to +70°C, unless otherwise noted) 

• AC TEST CONDITIONS 


Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference Levels 
Output Load • • 


Load Circuit (A) v C c 



■READ CYCLE 


GND to 3.0V 

10ns 

1.5 V 

See Figure 1 


* includes probe and 
jig capacitance 


Fig. 1 


Load Circuit (B) 


V'cr 



Parameter 

Symbol 

| HM6148/P 

| HM6148/P-6 i 

Unit 

min 

max 

min 

max 

Read Cycle Time 

tnc 

70 

- 

85 

- 

ns 

Address Access Time 

Iaa 

- 

70 

- 

85 

ns 

Chip Select Access Time 

t ACS 

- 

70 

- 

85 

ns 

Output Hold from Address Change 

t OH 

5 

- 

5 

- 

ns 

Chip Selection to Output in Low Z* 

Ilz 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z* 

Ihz 

0 

40 

0 

40 

ns 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

ns 

Chip Deselection to Power Down Time 

tpD 

- 

40 

- 

40 

ns 


* Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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HM6148, HM6148-6, HM6148P, HM6148P-6 

• TIMING WAVEFORM OF READ CYCLE NO.1 







Address ^ 

( ) 

( 


_j 



— tOH— 



previous \ 

Data out data valid f 

0000 

r Data valid 





• TIMING WAVEFORM OF READ CYCLE N0.2 (l><3> 



NOTES) 1. WE is high for Read Cycle. 

2. Device is continuously selected ,*£3" - Vil 

3. Address Valid prior to or coincident with €3 transition low. 


■WRITE CYCLE 


Parameter 

Symbol 

HM6148/P 

HM6148/P-6 

Unit 

min 

max 

min 

max 

Write Cycle Time 

twc 

70 

- 

85 

- 

ns 

Chip Selection to End of Write 

tew 

50 

- 

60 

- 

ns 

Address Valid to End of Write 

tAW 

65 

- 

80 

- 

ns. 

Address Setup Time 

tA s 

15 

- 

15 

- 

ns 


twpi 

50 

- 

60 

- 

ns 

w rite Jrulse w ldtn* 

twn 

*65 

- 

80 

- 

ns 

Write Recovery Time 

tWR 

5 

- 

5 

- 

ns 

Data Valid to End of Write 

tow 

30 

- 

35 

- 

ns 

Data Hold Time 

t DH 

5 

- 

5 

- 

ns 

W rite Enabled to Output in High Z** 

twz 

0 

35 

0 

45 

ns 

Output Active from End of Write** 

tow 

0 

- 

0 

- 

ns 


Notes) * When the CS low transition occurs simultaneously with the WE low transition or after the WE transition. I/O pins remain in a high impedance 
state. In this case twn, in the other case Iwpi ( — twz+tow). 

** Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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HM6148, HM6148-6, HM6148P, HM6148P-6 


• TIMING WAVEFORM OF WRITE CYCLE N0.1(WE CONTROLLED) <n 



• TIMING WAVEFORM OF WRITE CYCLE N0.2(CS CONTROLLED) 


.ZD 

— ■ twc — — mm\ 

c > 

s 

s. 


r i. fis _ i 

t A w ^1 




\ 

V 

— fl»-PI-(2] 


/ ' 

— tWg-l3] — | 


xwwwi 

L J 

VZZZ 2 

777. 

f— tow — 

tDH 

“ 1 

T~ 


- 

a 


777 


is) 

High Impedance 


r 



Notes) 

1. CS and WE are paced in the WRITE state during low level period 

(f w )• 

2. A write occurs during the overlap of a lo w CS and a low WE. py/>) 

3. t w/r is measured from the earlier of CS or WE going high to the end 
of write cycle. 

4. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

5. If the €!T low transition occurs simultaneously with the W£ low 
transition or after the WE transition, the output buffers remain in a 
high impedance state. 

6. If is low during this period, I/O pins are in the output state. 

Then the data input signals of opposite phase to the outputs must 
not be applied to them. 

7. Dout is the same phase of write data of this write cycle. 
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Supply Current Ice (mA! 


HM6148, HM6148-6, HM6148P, HM6148P-6 


ACCESS TIME vs. Vcc 


ACCESS TIME vs. Ta 





To=25*C 
















4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


20 40 

Ambient Temperatu; 


SUPPLY CURRENT vs. Vcc 


SUPPLY CURRENT vs. Vcc 


To =25*C 


















4.75 5.0 5.25 

Supply Voltage Vcc (V> 


4.5 4.75 5.0 

Supply Voltage Vcc !\ 


SUPPLY CURRENT vs. Ta 


SUPPLY CURRENT vs. Ta 





> 

It 

£ 
















20 40 60 80 

Ambient Temperature To (*C> 


0 20 40 

Ambient Temperature T< 
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Supply Current 1 Stand By) Ism 1 .Normalized 


HM6148, HM6148-6, HM6148P, HM6148P-6 


SUPPLY CURRENT vs. Vcc 
(STANDBY) 






a=25'C 














-J, 







3.0 5.0 6.0 

Supply Voltage Vcc (V) 


SUPPLY CURRENT vs. Ta 
(STANDBY) 



Ambient Temperature Ta (*C) 
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HM6148LP, HM6148LR-6 


1024- word x 4-bit High Speed Static CMOS RAM 

■FEATURES 

• Single 5V Supply 

e Fast Access Time HM6148LP 70 ns (max.) 

HM6148LP-6 85 ns (max.) 

• Low Power Standby and Low Power Operation; 

Standby: 5juW(typ) Operation: 200mW (typ) 

• Completely Static RAM; No Clock or Timing Strobe Required 

• No Peak Power-On Current 

e No Change of t ACS with Short Deselected Time 

• Equal Access and Cycle Times 

e Directly TTL Compatible; All Inputs and Outputs 

• Three State Output 

• Common Data Input and Output 

• Capability of Battery Back Up Operation 

• Pin-Out Compatible with Intel 2148 


■BLOCK DIAGRAM 





■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Terminal Voltage* 

V T 

— 0.5Ato +7.0 

V 

Power Dissipation 

Pt 

1.0 

w 

Operating Temperature 

T„r 

0 to +70 

°c 

Storage Temperature 

T,„ 

-55 to +125 

# c 

Storage Temperature** 

T, 

— 10 to +85 

*c 


* with respect to GND. A — 1.0V (Pulse Width S 50ns) 
** Under Bias 
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HM6148LP, HM6148LP-6 


■TRUTH TABLE 


cs 

WE 

Mode 

Vcc Current 

I/O Pin 

Reference Cycle 

H 

X 

Not Selected 

Isb, Isb 1 

High Z 


L 

H 

Read 

Icc 

Dout 

Read Cycle 

L 

L 

Write 

Icc 

Din 

Write Cycle 


■RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to +70C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

VlH 

2.4 

3.5 

6.0 

V 

v lL 

-0.3* 

- 

0.8 

V 


* Vu min “ — 1.0V (Pulse width^50ns) 


■DC AND OPERATING CHARACTERISTICS ( V'cc-5V±10%, GND-OV, 7a- 0 to +70'C) 


Item 

Symbol 

Test Condition 

min 

typ* 

max 

Unit 

Input Leakage Current 

1 In 1 

Vcc = 5.5V, V.„ = GND to Vcc 

- 

- 

2.0 

M 

Output Leakage Current 

1 Ilo 1 

CS= V,h, V/ o = GND to Vcc 

- 

- 

2.0 

M 

Operating Power Supply Current 

Icc 

CS = V lL , I,.o = 0mA 

- 

35 

80 

mA 

Average Operating Current 

Icc 1 

CS = V/l, Minimum Cycle, Duty = 100%, //^) = 0mA 

- 

40 

80 

mA 

I CC2 ** 

Cycle = 150ns, Duty = 50%, Ibo^ 0mA 

- 

35 

- 

mA 

Standby Power Supply Current 

Isb 

CS=V,„ 

- 

5 

12 

mA 

Isb i 

CS^ Vcc — 0.2V, I/ B ^0. 2V or V,„^Vcc-0.2V 

- . 

1 

100 


Output Voltage 

Pol 

< 

E 

OO 

II 

- 

- 

0.4 

V 

V 0H 

| Inn — ~3.2mA | 

2.4 

~ 

- 

V 


Notes) * Typical limits are at Voc “5.0V, 7 , a=*25"C and specified loading. 


** Reference only. 


■CAPACITANCE (7a=25"C, /-1MHz) 


Item 

Symbol 

Test Condition 

min 

max 

Unit 

Input Capacitance 

C,„ 

V„ = 0V 

- 

5 

pF 

Input/Output Capacitance 

C'O 

V/,o = 0V 

- 

12 

pF 


Note) This parameter is sampled and not 100% tested. 


■AC CHARACTERISTICS (V^cc = 5V±10%, 7a = 0 to + 70'C t unless otherwise noted) 


• AC TEST CONDITIONS 

Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 10ns 

Input and Output Timing Reference Levels 1 .5V 

Output Load See Figure 


Load Circuit (A) 



includes probe and 
jig capacitance. 


Load Circuit(B) 

Vice 
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KM6148LP, HM61 48LP-6 


• READ CYCLE 


Parameter 

Symbol 

| HM6148LP | 

| HM6148LP-6 

Unit 

min 

max 

min 

max 

Read Cycle Time 

tRC 

70 

- 

85 

- 

ns 

Address Access Time 

tAA 

- 

70 

- 

85 

ns 

Chip Select Access Time 

tACS 

- 

70 

- 

85 

ns 

Output Hold from Address Change 

ton 

5 

- 

5 

- 

ns 

Chip Selection to Output in Low Z* 

tiZ 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z* 

Ihz 

0 

40 

0 

40 

ns 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

ns 

Chip Deselection to Power Down Time 

t PD 

- 

40 

- 

40 

ns 


* Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 


• TIMING WAVEFORM OF READ CYCLE N0.1 (,)(2) 



— tRC — 


.Address ^ ^ ^ ^ ^ 

( > 

( 


— — tOH— «•"! 

tAA 

1 


previous \ 

Data out data valid f\ 

<XES> 

^ Data val id 


• TIMING WAVEFORM OF READ CYCLE N0.2 t,M3) 



NOTES) 1. WE is high for Read Cycle.* 

2. Device is continuously selected.^? = Vjl 

3. Address Valid prior to or coincident with Cl? transition low. 


• WRITE CYCLE 


Parameter 

Symbol # 

\ HM6148LP 

HM6148LP-6 

Unit 

min 

max 

min 

max 

Write Cycle Time 

twc 

70 

- 

85 

- 

ns 

Chip Selection to End of Write 

tew 

50 

- 

60 

- 

ns 

Address Valid to End of Write 

tAW 

65 

- 

80 

- 

ns 

Address Setup Time 

tAS 

15 

- 

15 

- 

ns 

Write Pulse Width* 

twpi 

50 

- 

60 

- 

ns 

twpi 

65 

- 

80 

- 

ns 

Write Recovery Time 

tWR 

5 

- 

5 

- 

ns 

Data Valid to End of Write 

tow 

30 

- 

35 

- 

ns 

Data Hold Time 

toH 

5 

- 

5 

- 

ns 

Write Enabled to Output in High Z** 

twz 

0 

35 

0 

45 . 

ns 

Output Active from End of Write** 

tow 

0 

- 

0 

- 

ns 


Notes) * When the CS low transition occurs simultaneously with the WE low transition or after the WE transition, I/O pins remain in a high impedance 
state. In this case twp i, in the other case twpt ( *“iwz + faiv). 

*# Transition is measured ±500mV from high impedance voltage with Load B. This parameter is sampled and not 100% tested. 
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HM6148LP, HM6148LP-6 


• TIMING WAVEFORM OF WRITE CYCLE N0.1(WE CONTROLLED) c,) 



• TIMING WAVEFORM OF WRITE CYCLE N0.2(CS CONTROLLED) n 



Notes) 

1. CS and WE are paced in the WRITE state during low level period 


v« w>- 

2. A write occurs during the overlap of a lo w CS and a low WE. ( twp ) 

3. twR is measured from the earlier of CS or WE going high to the end 
of write cycle. 

4. During this period, I/O pins are in the output state so that the input 

signals of opposite phase to the outputs must, not be applied. 

5. If the CS low transit ion occurs simultaneously with the WE low 
transition or after the WE transition, the output buffers remain in a 
high impedance state. 

6. If CS is low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 

7. Dout is the same phase of write data of this write cycle. 

■LOW Vcc DATA RETENTION CHARACTERISTICS (7a=0 to +70°C) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Vcc for Data Retention 

VoR 

CS^ Vcc— 0.2V, K.^Vbc — 0.2V or V;^0.2V 

2.0 

“ 

- 

V 

Data Retention Current 

IcCDR 

Vcc = 2.0V, CS^1.8V, V;.-1.8V or >,.£0.2V 

- 


40 

M 

Chip Deselect to Data Retention Time 

tcDR 

See Retention Waveform 

0 

- 

- 

ns 

Operation Recovery Time 

tR 

tRC* 

- 

- 

ns 


* Irc - Read Cycle Time 


• LOW Vcc DATA RETENTION WAVEFORM 
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Address Access Time tAA (Normalized) 


HM6148LP, HM6148LP-6 


ACCESS TIME vs. Vcc 


ACCESS TIME vs. Ta 




SUPPLY CURRENT vs. Vcc 


SUPPLY CURRENT vs. Vcc 




4.5 4 .75 5.0 5.25 5.5 


Supply Voltage Vcc (V) 


SUPPLY CURRENT vs. Ta 


SUPPLY CURRENT vs. Ta 



0 20 40 60 80 



Ambient Temperature Ta (*C) 


Ambient Temperature Ta (*C) 
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Supplv Current: Stand By) /sat i Normalized ' 


HM6148LP, HM61 48LP-6 


SUPPLY CURRENT vs. Vcc 
(STANDBY) 



Supply Voltage Vrc (VI 


SUPPLY CURRENT vs. Ta 
(STANDBY) 



Ambient Temperature Ta i'C< 
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HM6148H-35, HM6148H-45, — 
HM6148H-55, HM6148HP-35, 
HM6148HP-45, HM6148HP-55 


1024-word x 4-bit High Speed Static CMOS RAM 


Preliminary 


■ FEATURES 

• Fast Access Time 35/45/55ns (max) 

• Low Power Standby and Low Power Operation; 

Standby: 100 /jW (typ.). Operation: 200mW (typ.) 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe Required 

• No Peak Power-On Current 

• No Change of t AC s with Short Deselected Time 

• Equal Access and Cycle Times 

• Directly TTL Compatible; All Inputs and Outputs 

• Common Data Input and Output; Three-State Outputs 

• Pin-Out Compatible with Intel 2148H 

■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Ratings * 

Unit 

Terminal Voltage * 

Vt 

-0.5 to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

T opr 

0 to +70 

*C 

Storage Temperature (Plastic) 

T. tg 

-55 to +125 

# C 

Storage Temperature (Ceramic) 

T, tt 

-65 to +150 

*C 

Storage Temperature** 

T bu» 

— 10 to +85 

*C 


* with respect to GND. Vil mm — — 3.5V (Pulse width“20ns) 

♦ * under bias 



■ PIN ARRANGEMENT 



■ TRUTH TABLE 


c~s 

WE 

Mode 

! 

Vcc Current 

I/O Pin 

Reference Cycle 

H 

X 

Not selected 

/sb» Isbi 

High Z 


L 

H 

Read 

Icc 

Dout 

Read Cycle 1, 2 

L 

L 

Write 

Icc 

Din 

Write Cycle 1, 2 


Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi’s Sales Dept, regarding specifications. 
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HM6148H-35, HM6148H-45, HM6148H-55, 

HM6148HP-35, HM6148HP-45, HM6148HP-55 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70 ’C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 


Input Voltage 

VtH 

2.2 

- 

6.0 

V 

Vu 

—0.5* 

- 

0.8 

V 



* —3.0V (Pulse width 20ns) 


■ DC AND OPERATING CHARACTERISTICS!! ] ( r a =0~70"C, Vcc = SV±W/o, GND = 0V) 


Parameter 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Notes 

Input Leakage Current 

\Ili | 

Vcc”°max, V,„“GND to Vcc 

- 

- 

2.0 

M 


Output Leakage Current 

IM 

V/^-GND to Vcc 

- 

- 

2.0 

M 


Operating Power Supply Current 

Icc 

CS ** Vu, h/o*“ 0mA 

- 

35 

80 

mA 


Operating Power Supply Current : AC 

Icc 1 

min. cycle, CS *=■ Vil, It so— 0mA 

- 

50 

100 

mA 

(2) 

Standby Power Supply Current : DC 

IsB 

CS-7/« 

- 

5 

20 

mA 


Standby Power Supply Current(l) : DC 

IsB 1 

CS^ Vcc- 0.2V, V/^0.2V or 
Vts^Vcc- 0.2V 

- 

20 

800 

M 


Output Low Voltage 

VOL 

/ol” 8mA 

- 

- 

0.4 

V 


Output High Voltage 

VoH 

Ion — — 4 . 0mA 

2.4 

- 

- 

V 



Notes) 1. Typical limits are at Vcc — 5.0V, Ta— + 25’C and specified loading. 
2. 120mA max. for HM6148HP-35 


■ CAPACITANCE (To- 25”C, /=lMHz) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

Cin 

Vin ”=0V 

3 

5 

pF 

Input /Output Capacitance 

Cl/ O 

V,/o= OV 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■ AC CHARACTERISTICS (Vcc=5V±10%, Ta - 0 to +70°C) 

• RISE FALL TIME 


Item 

Symbol 

min 

typ 

max 

Unit 

Input Rise Time 

tr 

- 

5 

100 

ns 

Input Fall Time 

tj 

- 

5 i 

100 

ns 


• AC TEST CONDITIONS 

Input pulse levels : GND to 3.0V 

Input rise and fall times : 5ns 

Input and Output timing reference levels : 1 . 5V 

Output load : See Figure 


I 


4802 




77T 

Output Load (A) 



77/ 

Output Load (B) 

( for t hz, t lz* twz 9 1 ow) 


* Including scope & jig. 


3V 



H— r 


tr—t/— 5ns 

Input Pulse Waveform 
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HM6148H-35, HM6148H-45, HM6148H-55, 

HM6148HP-35, HM6148HP-45, HM6148HP-55 

■ AC CHARACTERISTICS (7a= 0 to 70°C, V cc = 5V+10%, unless otherwise noted.) 

• READ CYCLE 


Item 

Symbol 

HM6148HP-35 

HM6148HP-45 

HM6148HP-55 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

35 

- 

45 

- 

55 

- 

ns 

Address Access Time 

t AA 

- 

35 

- 

45 

- 

55 

ns 

Chip Select Access. Time 

tACS 

- 

35 

- 

45 

- 

55 

ns 

Output Hold from Address Change 

t OH 

5 

- 

5 

- 

5 

- 

ns 

Chip Selection to Output in Low Z 

tLZ * 

10 

- 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

tHZ* 

0 

20 

0 

20 

0 

20 

ns 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

0 

- 

ns 

Chip Deselection to Power Down Time 

tpo 

- 

30 

- 

30 

- 

30 

ns 


♦ Transition is measured ±500mV from high impedance voltage with Load(B). This parameter is sampled and not 100% tested. 
At any temperature and voltage condition tHz max is less than t L z min. 


• TIMING WAVEFORM <^F READ CYCLE NO.1 (l)(2) 



t RC 


\ 

Address / 

( 3 

( 


— £= 1 


tOH 


XXX) 

/ \ 

\ Data Valid / 

/ 

S 


• TIMING WAVEFORM OF READ CYCLE N0.2 (l)(s) 


Dout 


Vcc supply 
current 



Irc 


\ 

\ / 

/ 

tHZ 

— tACS 

t LZ ^ 



/ V'V \ 

/ 

\ Data Valid 

\ 

Icc 

High Impedance \ /\ /\ / 

A High 

tpu | 


t po Impedance 

r* 




f 50 % 

50%\ 


Isb 


Notes) 1 . WE is High for Read Cycle. 

2 . Device is continuously selected, CS= Vil. 

3. Address Valid prior to or coincident with CS transition Low. 
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• WRITE CYCLE 


HM6148H-35, HM6148H-45, HM6148H-55, 

HM6148HP-35, HM6148HP-45, HM6148HP-55 


Item 

Symbol 

HM6148H/P-35 

HM6148H/P-45 

HM6148H/P-55 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

35 

- 

45 

- 

55 

- 

ns 

Chip Selection to End of Write 

tew 

30 

- 

40 

~ 

50 

- 

ns 

Address Valid to End of Write 

tAW 

30 

- 

40 

- 

50 

- 

ns 

Address Setup Time 

tAS 

0 

- 

0 

- 

0 

- 

ns 

Write Pulse Width 

twp 

30 

- 

35 

- 

40 


ns 

Write Recovery Time 

tWR 

5 

- 

5 

- 

5 

- 

ns 

Data Valid to End of Write 

t DW 

20 

- 

20 


20 

- 

ns 

Data Hold Time 

tDH 

0 

- 

0 

. 

0 

- 

ns 

Write Enabled to Output in High Z* 

twz 

0 

10 

0 

15 

0 

20 

ns 

Output Active from End of Write * 

tow 

0 

- 

0 

- 

o 

- 

ns 


* Transition is measured ±500 mV from high impedance voltage with Load B. 
This parameter is sampled and not 100% tested. 


• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 




Address ) 

— five- — — 

< "> 

s. 





cs \\ N 


CZZZZ2 

7 ZZZ 



tAW 

U M 



WE 


V / 

/- 

, .(51 

iBMj— ~ 



1— tow mm 

/W 




(3) 

-twz — | 



, (5] 1 

tow— —A 

, ( !L 

—tOH—A 

Dout ■ < < ( ^ mgn impedance |( OOOfCT. 


• TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled) 


Address / 

— twc — » 

c > 

s 

s. 

fiji , 




CS 

\ \ 

s / 

t we- w — 

/ 



5s 

'X/77; 

yzT 7 : 

Lv_ tow — 

tDH 


Xxxxxxxxxxx)jc 

Sd&X) 


High Impedance^ 




NOTES of 
1 . 
2 . 

3. 

4. 

5. 

6 . 


Timing Waveform of Write _ 

A write occurs during the overlap o f a low CS and a low WE. ( twp ) 

twR is measured from the earlier of CS or WE going high to the end of write cycle. 

During this period, I/O pins are in the output state so th at t he input signals of opposite phas e to the outputs must not be applied. 
If the C3 low transition occurs simultaneously with the WE low transition or after the W£ transition, the output buffers remain 


in a high impedance state. 

If CS is low during this period, I/O pins are i 
must not be applied to them. 

Dout is the same phase of write data of this 
write cycle. 


the output state. Then the data input signals of opposite phase to the outputs 
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HM6148HLP-35, HM6148HLP-45, 
HM6148HLP-55 Preliminary 


1024-word x 4-bit High Speed Static CMOS RAM 

■ FEATURES 

• Low Power Standby and Low Power Operation; 

Standby: 5juW (typ.), Operation: 300mW (typ.) 

• Fast Access Time: 35/45/55ns (max) 

• Capability of Battery Back Up Operation 

• Single 5V Supply 

• Completely Static RAM: No Clock or Timing Strobe 
Required 

• No Peak Power-On Current 

• No Change of *acs with Short Deselected Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible: All Inputs and Outputs 

• Three State Output 

• Pin-Out Compatible with Intel 2148H 

■ BLOCK DIAGRAM 





■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Ratings 

Unit 

Terminal Voltage * 

V T 

-0.5 to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

To P r 

0 to +70 

# C 

Storage Temperature 

T ats 

-55 to +125 

°C 

Storage Temperature ** 

Tb ita 

-10 to +85 

# C 


* with respect to GND. Vil 3.5V (Pulse width = 20ns) 

* # under bias. 


■ TRUTH TABLE 


cT 

We 

Mode 

Vcc Current 

I/O Pin 

Reference Cycle 

H 

X 

Not selected 

Isb, I SB l 

High Z 


L 

H 

Read 

Icc 

[ 

Dout 

Read Cycle 1, 2 

L 

L 

Write 

Icc 

Din 

Write Cycle 1, 2 


Nqte) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi’s Sales Dept, regarding specifications. 
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 


■ RECOMMENDED DC OPERATING CONDITIONS (To- 0 to +70 "O 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 



Vcc 

4.5 

5.0 

5.5 

V 

GND 

- 

0 

0 

0 

V 

Input Voltage 

V,H 

2.2 

- 

6.0 

V 

V,L 

-0.5* 

- 

0.8 

V 


* -3.0V (Pulse width 20us) 


■ DC AND OPERATING CHARACTERISTICS!! ] (Ta“0~70°C, V CC -=5V±10%,GND-0V) 


Parameter 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Notes 

Input Leakage Current 

\Iu 1 

Vcc “max, V,„=»GND to Vcc 

* - 

- 

2.0 

M 


Output Leakage Current 

\ho 1 

C5-V/„, V„o“GND to Vcc 

- 

- 

2.0 

M A 


Operating Power Supply Current : DC 

Ice 

CS = V/i, ///o“ 0mA 

- 

35 

80 

mA 


Operating Power Supply Current : AC 

Ic Cl 

min. cycle, CS = V/7, h, o — 0m A 

- 

50 

100 

mA 

(2) 

Standby Power Supply Current : DC 

IsB 

cs-v* 

- 

5 

20 

mA 


Standby Power Supply Current(l) : DC 

ISB 1 

C5^Vcc-0.2V, V//v^0.2V or 

VinZ Vcc- 0.2V 

- 

1 

50 



Output Low Voltage 

Voi 

/oi“ 8mA 

- 

- 

0.4 

V 


Output High Voltage 

VOH 

ic//“ —4. 0mA 

2 - 4 

- 

- 

V 



Notes) 1. Typical limits are at Vcc — 5.0V, Ta— +25*C and specified loading. 
2. 120mA max. for HM6148HLP-35 


■ CAPACITANCE (Ta-25’C, /=1MH Z ) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

C,„ 

> 

o 

3 

5 

pF 

Input /Output Capacitance 

Cl /O 

V/xo=0V 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■ AC CHARACTERISTICS (Vcc=5V±10%, 7a = 0 to + 70 °C) 

• RISE FALL TIME 


Item 

Symbol 

min 

typ 

max 

Unit 

Input Rise Time 

tr 

- 

5 

100 

ns 

Input Fall Time 

tj 

- 

5 

100 

ns 


• AC TEST CONDITIONS 

Input pulse levels : GND to 3.0V 

Input rise and fall times : 5ns 

Input and Output timing reference levels : 1 . 5V 

Output load : See Figure 


5V 




480Q 




rrr 

Output Load ( A) 



77 / 

Output Load ( B ) 

(for tHZ,tLZ,twZ,tow) 


* Including scope & jig. 



tr—t/*“5ns 

Input Pulse Waveform 
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 

■ AC CHARACTERISTICS (7a- 0 to 70°C, Vcc = 5V±10%, unless otherwise noted.) 

• READ CYCLE 


Item 

Symbol 

HM6148HLP-35 

HM6148HLP-45 

HM6148HLP-55 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

35 

- 

45 

- 

55 

- 

ns 

Address Access Time 

tAA 

- 

35 

- 

45 

- 

55 

ns 

Chip Select Access Time 

tACS 

- 

35 

- 

45 

- 

55 

ns 

Output Hold from Address Change 

t OH 

5 

- 

5 

- 

5 

- 

ns 

Chip Selection to Output in Low Z 

tLZ* 

10 

- 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

Ihz* 

0 

20 

0 

20 

0 

20 

ns 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

0 

- 

ns 

Chip Deselection to Power Down Time 

tpD 

- 

30 

- 

30 

- 

30 

ns 


* Transition is measured ±500mV from high impedance voltage with Load(B). This parameter is sampled and not 100% tested. 
At any temperature and voltage condition Ihz max is less than tcz min. 


• TIMING WAVEFORM OF READ CYCLE N0.1 (l,(2) 


; 



\ 

Address / 

< i 

C~ ' 


t OH 



t OH 


Dout / 

CXX) 

/ \ 

\ Data Valid / 

/ 

s 


• TIMING WAVEFORM OF READ CYCLE N0.2 (,)(3> 


CS 


Dout 


Vcc supply 
current 


lee 


Isa 


High Impedance 




tHZ 

boo 

/ 

\ Data Valid 

J 


50 %^ 


High 

Impedance 


Notes) 1 . WE is High for Read Cycle. 

2. Device is continuously selected, CS” Vil. 

3. Address Valid prior to or coincident with CS transition Low. 
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HM6148HLP-35, HM6148HLP-45, HM6148HLP-55 


• WRITE CYCLE 


Item 

Symbol 

HM6148HLP-35 

HM6148HLP-45 

HM6148HLP-55 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

35 

- 

45 

- 

55 

- 

ns 

Chip Selection to End of Write 

few 

30 

- 

40 

- 

50 

- 

ns 

Address Valid to End of Write 

tm 

30 

- 

40 

- 

50 

- 

ns 

Address Setup Time 

tAS 

0 

- 

0 

- 

0 

- 

ns 

Write Pulse Width 

twp 

30 

- 

35 

- 

40 

- 

ns 

Write Recovery Time 

twR 

5 

- 

5 

- 

5 

- 

ns 

Data Valid to End of Write 

tow 

20 

- 

20 

- 

20 

- 

ns 

Data Hold Time 

tm 

0 

- 

0 

- 

0 

- 

ns 

Write Enabled to Output in High Z* 

twz 

0 

10 

0 

15 

0 

20 

ns 

Output Active from End of Write* 

tow 

0 

- 

0 

- 

0 

- 

ns 


* Transition is measured ±500mV from high impedance voltage with Load B. 
This parameter is sampled and not 100% tested. 

All inputs t ,, tj (rise and fall time) are less than 100ns. 


• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 



• TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS Controlled) 


Address ■ S 

twc — 

c 1 

/ 

V 

fij 




CS 

r ~ 1 n > 

s / 

- — 

r 


WE ,\\w\Vv 

s, z 

'77777 

777, 

|-» tDW ■ — 

low 


X><XXXXXXXXX* 



High Impedance^ 

Dout 




Notes of Timing Waveform of Write I 

1. A write occurs during the overlap* lo w CS a nd a low WE. (twp) 

2. tvi/R is measured from the earlier of CS or WE going high to the end of write cycle. 

3. During this period, I/O pins are in the output state so that the input signals of opposite phas e to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low transition or after the WE transition, the output buffers remain in a high impedance state. 

5. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be applied to them. 

6. Dout is the same phase of write data of this write cycle. 
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HM6148HLP-35, HM61 48HLP-4S, HM61 48HLP-55 


■ LOW Vcc DATA RETENTION CHARACTERISTICS (0”C £ Ta^70°C) 


Parameter 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Vdr 


2.0 

- 

- 

V 

Data Retention Current 

IcCDR 

CS^ Vcc— 0.2V 

V,«2sVbc-0.2V or 

- 

- 

to 

oco 

* © 

• • 

M 

Chip Deselect to Data Retention Time 

tcDR 

0 

- 

- 

ns 

Operation Recovery Time 

tR 

Irc a ) 

- 

- 

ns 


Note) 1. t*c = Read Cycle Time. * Vcc““3.0V 

** Vcc = 2.0V 


• LOW Vcc DATA RETENTION WAVEFORM 
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HM6147, HM6147-3 

HM6147P, HM6147P-3 


4096- word x 1-bit High Speed Static CMOS RAM 


■FEATURES 

• Single 5V Supply and High Density 18 Pin Package 

• High Speed: Fast Access Time 55ns/70ns Max. 

• Low Power Standby and Low Power Operation, 

Stand by :100/LtW typ.. Operation: 75mW typ. 

• Completely Static Memory — No Clock nor Timing Strobe 
Required 

• No Peak Power— On Current 

• No Change of t ACS with Short Chip Deselect Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible — All Input and Output 

• Separate Data Input and Output: Three State Output 

• Pin-out Compatible with Intel 2147 NMOS STATIC RAM 

■BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin relative to GND* 

Vt 

-0.5 to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

Topr 

0 to +70 

•C 

Storage Temperature(Ceramic) 

’ T, tt 

—65 to +150 

# c 

Storage Temperature( Plastic) 

T." 

-55 to +125 

*c 


* Vis min-— 1.0 V (Pulse Width ^ 20ns) 


HM6147, HM6147-3 



• DO-18) 

HM6147P. HM6147P-3 



DP-18' 


■pin arrangement 



■RECOMMENDED DC OPERATING CONDITIONS (0‘C£Ta&70‘C) 


Parameter 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High (logic 1) Voltage 

V IH 

2.2 

3.5 

6.0 

V 

Input Low (logic 0) Voltage 

V lL 

-0.3* 

- 

0.8 

V 


* V, L min 1.0V ( Pulse width£20ns> 
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HM61 47, HM61 47-3, HM61 47P, HM61 47P-3 


■DC AND OPERATING CHARACTERISTICS (Q‘CHTai£7Q‘C, V cc = 5V±10%, GND-OV) 


Parameter 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Notes 

Input Leakage Current 

|Ji/l 

Vcc - 5.5V, GND to Vcc 

- 

- 

2.0 

M 


Output Leakage Current 

1 ho 1 

CS=V/«, Voui =0~ Vcc 

- 

- 

2.0 

M 


Operating Power Supply Current (1) DC 

Icc 

CS “Vt* Output open 

- 

15 

35 

mA 


Operating Power Supply Current (2) DC 

Icci 

CS— ViL, V, w ^0.2Vor 
V/a^V cc -0.2V 

- 

12 

- 

mA 

(2) 

Average Operating Current (3) 

Iccz 

Cycle 150ns, duty 50% 

- 

14 

- 

mA 

C2) 

Standby Power Supply Current (1) DC 

IsB 

CS=V;« 

- 

5 

12 

mA 


Standby Power Supply Current (2) DC 

IsB 1 

CSS Vcc— 0.2V, 

V/«S*0.2V or V /jv SVcc-0.2V 

- 

20 

800 

M 


Output Low Voltage 

VoL 

Iol — 12mA 

- 

- 

0.40 

V 


Output High Voltage 

V 0H 

Ioh=— 8.0mA 

2.4 

- 

- 

V 



Note) 1. Typical limits are at Vcc — 5.0V, Ta~25*C and specified loading. 
2. Reference only 


V, 

■AC TEST CONDITIONS 

• Input pulse levels: GND to 3.5V 

• Input rise and fall times: 10 ns 

• Input and output timing reference levels: 1.5V 

• Output load: See Figure 1 


* Including scope & jig capacitance 
Figure 1 Output Load 

■CAPACITANCE (Ta-25"C, /=1.0MHz) 


Item 

Symbol 

Conditions 

max 

Unit 

Input Capacitance 

c,» 

v.»=ov 

5 

pF 

Output Capacitance 

Co lit 

> 

o 

II 

7 

P F 


Note) This parameter is sampled and not 100% tested. 



lAC CHARACTERISTICS (Ta= 0°C to 70°C, Vcc = 5V±10%, unless otherwise noted.) 

• READ CYCLE 


Parameter 

Symbol 

HM6147/P-3 

HM6147/P 

Unit 

min 

max 

min 

max 

Read Cycle Time 

t RC 

55 

— 

70 

- 

ns 

Address Access Time 

t* A 

- 

55 

- 

70 

ns 

Chip Select Access Time 

tACS 

- 

55 

- 

70 

ns 

Output Hold from Address Change 

toH 

5 

* — 

5 

- 

ns 

Chip Selection to Output in Low Z 

Ilz 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

Ihz 

0 

40 

0 

40 

ns 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

ns 

Chip Deselection to Power Down Time 

tpD 

- 

30 

- 

30 

ns 


• WRITE CYCLE 


Parameter 

Symbol 

1 HM6147/P-3 | 

HM6147/P 

Unit 

min 

max 

min 

max 

Write Cycle Time 

twc 

55 

- 

70 

- 

ns 

Chip Selection to End of Write 

tew 

45 

- 

55 

- 

ns 

Address Valid to End of Write 

Ia i v 

45 

- 

55 

- 

ns 

Address Setup Time 

Ia s 

0 

- 

0 

- 

ns 

Write Pulse Width 

twp 

35 

- 

40 

- 

ns 

Write Recovery Time 

tWR 

10 

- 

15 

- 

ns 

Data Valid to End of Write 

t DW 

25 

- 

30 

- 

ns 

Data Hold Time 

t DH 

10 

- 

10 

- 

ns 

Write Enabled to Output in High Z 

twz 

0 

30 — 

0 

35 

ns 

Output Active from End of Write 

tow 

0 

- 

0 

- 

ns 


80 


0 HITACHI 



HM61 47, HM61 47-3, HM61 47P, HM61 47P-3 


• TIMING WAVEFORM OF READ CYCLE N0.1 O)<2) 



• TIMING WAVEFORM OF READ CYCLE N0.2 (,U3) 



Notes: 1. WE is high for READ Cycle. 

2. CS is low for READ Cycle. 

3. Addresses valid prior to or coincident with CS 
transition low. 


• TIMING WAVEFORM OF WRITE CYCLE 




. Access Time (Normalized) _ . „ . , , . . 

Access Time At**. AIacs Supply Current Icc.Icc 2 (mA) 


HM61 47,HM61 47-3, HM61 47P,HM61 47-3 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



ACCESS TIME 

vs. SUPPLY VOLTAGE 



ACCESS TIME 

vs. LOAD CAPACITANCE 








Ta = 25*C 
Vcc = MIN 







0 100 200 300 400 

Load Capacitance Cl (pF) 


SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



ACCESS TIME 

vs. AMBIENT TEMPERATURE 



Ambient Temperature Ta (*C) 


SUPPLY CURRENT 
vs. FREQUENCY 
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HM6147LP, HM6147LP-3 


4096- word x 1-bit High Speed Static CMOS RAM 
■FEATURES 

• Single 5V Supply and High Density 18 Pin Package 

• High Speed: Fast Access Time 55ns/70ns Max. 

• Low Power Standby and Low Power Operation, 

Standby: 5juW typ. Operation: 75m W typ. 

• Completely Static Memory - No Clock nor Timing Strobe 
Required 

• No Peak Power-On Current 

• No Change of t ACS with Short Chip Deselect Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible - All Input and Output 

• Separate Data Input and Output: Three State Output 

• Capability of Battery Back up Operation 

• Pin-out Compatible with Intel 2147 NMOS STATIC RAM 

■BLOCK DIAGRAM 





■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin relative toGND* 

Vr 

-0.5 to 4-7.0 

V 

Power Dissipation 

Pr 

1.0 

W 

Operating Temperature 

Topr 

0 to 4-70 

# C 

Storage Temperature 

T.tt 

-55 to 4-125 

°C 


* Vil rain- — 1.0V (Pulse Widths 20ns) 


■RECOMMENDED DC OPERATING CONDITIONS (0 - CSToS70’C) 


Parameter 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High (logic 1) Voltage 

ViH 

2.2 

3.5 

6.0 

V 

Input Low (logic 0) Voltage 

Vil 

-0.3* 

- 

0.8 

V 


* Vil min— -1.0V (Pulse width^20ns) 
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HM61 47LP.HM61 47LP-3 — 

■DC AND OPERATING CHARACTERISTICS (0°C<TaH7Q‘C, Vcc=5V±lO%, GND=0V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Notes 

Input Leakage Current 

\hi\ 

Vcc=5.5V, GND to Vcc 

- 

- 

2.0 

M 


Output Leakage Current 

1 ho | 

CS“ Vih, V ol( j=0~ Vcc 

- 

- 

2.0 

M 


Operating Power Supply Current (1) DC 

Icc 

CS = V/l, Output open 

- 

15 

35 

mA 


Operating Power Supply Current (2) DC 

Jcci 

CS-V/t, V, N £0.2V or 

V, w ^Vcc-0.2V 

- 

12 

- 

mA 

C2) 

Average Operating Current (3) 

Iccz 

Cycle 150ns, duty 50% 

- 

14 

- 

mA 

(2) 

Standby Power Supply Current (1) DC 

IsB 

CS*V,h 

- 

5 

12 

mA 


Standby Power Supply Current (2) DC 

I SB 1 

CS2sVcc-0.2V, V,„^0.2Vor 
Vin^ Vcc~0.2V 

~ 

1 

100 

M 


Output Low Voltage 

Voi 

Iol == 12mA 

- 

- 

0.40 

V 


Output High Voltage 

Von 

I oh — —8.0mA 

2.4 

- 

- 

V 



Note) 1. Typical limits are at Vcc’-S.OV, Ta— 25‘C and specified loading. 
2. Reference only. 


■ AC TEST CONDITIONS 

• Input pulse levels: GND to 3.5V 

• Input rise and fall times: 10 ns 

• Input and output timing reference levels: 1.5V 

• Output load: See Figure 1 


l re 



■CAPACITANCE (Ta = 25°C, /-1.0MHz) 


Item 

Symbol 

Condition 

max 

Unit 

Input Capacitance 

Cm 

V,n=0V 

5 

pF 

Output Capacitance 

c ou , 

v WI =ov 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■AC CHARACTERISTICS (To- O'C to 70‘C, Vcc = 5V+10%, unless otherwise noted.) 

• READ CYCLE 


Parameter 

Symbol 

HM6147LP-3 * 

HM6147LP 

Unit 

min 

max 

min 

max 

Read Cycle Time 

t RC 

55 

- 

70 

- 

ns 

Address Access Time 

t A A 

- 

55 

- 

70 

ns 

Chip Select Access Time 

tACS 

- 

55 

- 

70 

ns 

Output Hold from Address Change 

toH 

5 

- 

5 

~ 

ns 

Chip Selection to Output in Low Z 

tLZ 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

Ihz 

0 

40 

0 

40 

ns 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

ns 

Chip Deselection to Power Down Time 

tpD 


30 

- 

30 

ns 
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HM61 47LP.HM61 47LP-3 


• WRITE CYCLE 


Parameter 

Symbol 

HM6147LP-3 

HM6147LP 

Unit 

min 

max 

min 

max 

Write Cycle Time 

twc 

55 

- 

70 


ns 

Chip Selection to End of Write 

tew 

45 

- 

55 

- 

ns 

Address Valid to End of Write 

tAW 

45 

- 

55 

- 

ns 

Address Setup Time 

t*s 

0 

- 

0 

- 

ns 

Write Pulse Width 

twp 

35 

- 

40 

- 

ns 

Write Recovery Time 

tWR 

10 

- 

15 

- 

ns 

Data Valid to End of Write 

tow 

25 

- 

30 

- 

ns 

Data Hold Time 

t DH 

10 


10 

- 

ns 

Write Enabled to Output in High Z 

twz 

0 

30 

0 

35 

ns 

Output Active from End of Write 

tow 

0 

- 

0 

- 

ns 


• TIMING WAVEFORM OF READ CYCLE N0.1 (,,(2) 



— IRC — 


) 

( 

< 


-» tOH — | 

tAA aJ 



previous \ 

data valid 7 

«!i 

^ Data valid 


• TIMING WAVEFORM OF READ CYCLE N0.2 (,)<3) 



NOTES: 1. WE is high for READ Cycle. 

2. CS is low for READ Cycle. 

3. Addresses valid prior to or coincident with transition low. 
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max 
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HM61 47H-35, HM61 47H-45, — 
HM61 47H-S5, HM61 47HP-35, 
HM61 47HP-45, HM6147HP-55 


4096-wordx 1-bit High Speed Static CMOS RAM 


■FEATURES 

• Single 5V Supply and High Density 18 Pin Package 

• High Speed: Fast Access Time 35ns/45ns/55ns Max. 

• Low Power Standby and Low Power Operation, 

Standby: lOO/M/typ., Operation: 150mWtyp. 

• Completely Static Memory — No Clock nor Timing Strobe 
Required 

• No Peak Power— On Current 

• No Change of t ACS with Short Chip Deselect Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible — All Input and Output 

• Separate Data Input and Output: Three State Output 

• Plug-In Replacement with Intel 2147H NMOS STATIC RAM 

■BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin relative to GND 

Vr 

— 3.5*to +7.0 

V 

DC Output Current 

Jo 

20 

m A 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

T opr 

0 to +70 

°C 

Storage Temperature (under bias) 

T a tg l,6i«s) 

-10 to +85 

°C 

Storage Temperature (Ceramic) 

T, tg 

-65 to +150 

°C 

Storage Temperature (Plastic) 

T" g 

-55 to +125 

°c 


* Pulse Width 20ns, DC ! —0.5V 



■PIN ARRANGEMENT 
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HM61 47H-35.HM61 47H-45.HM61 47H-55.HM61 47HP-35.HM61 47HP-45.HM61 47HP-55 
■RECOMMENDED DC OPERATING CONDITIONS (O’C S TaS 70'C) 


Parameter 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High (logic 1) Voltage 

V,H 

2.0 

3.0 

6.0 

V 

Input Low (logic 0) Voltage 

V,L 

-3.0* 

- 

0.8 

V 


* Pulse Width 20ns, DC : -0.5V 


■DC AND OPERATING CHARACTERISTICS (O’C £ ras=70"C, K CC = 5V±10%, GND-OV) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

\Iu\ 

Vcc -5.5V, GND to Vcc 

- 

- 

10 

M 

Output Leakage Current 

1 ho | 

CS-Vmt. VL.-OV-Vcc 

- 

- 

10 

M 

Operating Power Supply Current (1) DC 

/cc 

CS—V/l, Output open 

- 

30 

80 

mA 

Operating Power Supply Current (2) DC 

Icci 

CS— Vu, Minimum Cycle 

- 

40 

80 

mA 

Standby Power Supply Current (1) DC 

IsB 

CS—V/h, Vcc — Min to Max 

- 

8 

20 

mA 

Standby Power Supply Current (2) DC 

I SB 1 

CS^ Vcc -0.2 V, 

V/*£0.2V or Vin^ Vcc— 0.2V 

- 

20 

800 

M 

Output Low Voltage 

Vol 

Iol —8mA 

- 

- 

0.40 

V 

Output High Voltage 

VoH 

/oh — —4mA 

2.4 

- 

- 

V 


Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet minute. 
2. Typical limits are at Vcc — B.OV, Ta— 25’C and specified loading. 


■AC TEST CONDITIONS 

• Input pulse levels: GND to 3.0V 

• Input rise and fall times: 5 ns 

• Input timing reference levels: 1.5V 

• Output load: See Figure 

• Output timing reference levels: 1.5V (HM6147H/P-35) 

0.8 to 2.0V (HM6147H/P-45/55) 7*7 

% Including scope & jig capacitance 


Output Load A 


30pF* 


■CAPACITANCE (Ta= 25°C, /- 1.0MHz) 


Output Load B 



Item 

Symbol 

Conditions 

max 

Unit 

Input Capacitance 

C tn 

V,„ = 0V 

5 

pF 

Output Capacitance 

Cout 

V„ ( =0V 

6 

pF 


Note) This parameter is sampled and not 100% tested. 
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HM61 47H-35.HM61 47H-45.HM61 47H-S5.HM61 47HP-35.HM61 47HP-45.HM61 47HP-55 


H AC CHARACTERISTICS (7a = 0°C to 70°C, Vcc=5V±10%, unless otherwise noted.) 

• READ CYCLE 


Parameter 

Symbol 

HM6147H/P-35 

HM6147H/P-45 

HM6147H/P-55 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

35 

- 

45 

- 

55 

- 

ns 

Cl) 

Address Access Time 

t AA 

- 

35 

- 

45 

- 

55 

ns 


Chip Select Access Time 

tACS 

- 

35 

- 

45 

- 

55 

ns 


Output Hold from Address Change 

tOH 

5 

- 

5 

- 

5 

- 

ns 


Chip Selection to Output in Low Z 

Ilz 

5 

- 

5 

- 

5 

- 

ns 

(2). (3), [7) 

Chip Deselection to Output in High Z 

t HZ 

0 

30 

0 

30 

0 

30 

ns 

(2), (3), (7) 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

0 

- 

ns 


Chip Deselection to Power Down Time 

tpo 

- 

20 


20 

- 

20 

ns 



• TIMING WAVEFORM OF READ CYCLE N0.1 (4H5> 



tRC 



( 

( 


■ t0H j 

tAA 

I 


1 

Previous Data Valid 

7 

KXX ) 1 

i 

Data Valid 

^ 


• TIMING WAVEFORM OF READ CYCLE N0.2 l4> “’ 



Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitioning address. 

2. At any given temperature and voltage condition, *//z max. is less than 
{ LZ min. both for a given device and from device to device. 

3. Transition is measured ±500mV from steady state voltage with 
specified loading in Load B. 

4. WE is high for READ Cycle. 

5. Device is continuously selected, C3=P/l* 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP-55 


• WRITE CYCLE 


Parameter 

Symbol 

HM6147H/P-35 

HM6147H/P-45 

HM6147H/P-55 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

35 

- 

45 

- 

55 

- 

ns 

C2) 

Chip Selection to End of Write 

tew 

35 

- 

45 

- 

45 

- 

ns 


Address Valid to End of Write 

Iaw 

35 

- 

45 

- 

45 

- 

ns 


Address Setup Time 

tAS 

0 

- 

0 

- 

0 

- 

ns 


Write Pulse Width 

twp 

20 

- 

25 

- 

30 

- 

ns 


Write Recovery Time 

twR 

0 

- 

0 

- 

0 

- 

ns 


Data Valid to End of Write 

tDW 

20 

- 

25 

- 

25 

- 

ns 


Data Hold Time 

tDH 

10 

- 

10 

- 

10 

- 

ns 


Write Enabled to Output in High Z 

twz 

0 

20 

0 

25 

0 

30 

ns 

[3], [4] 

Output Active from End of Write 

tow 

0 

- 

0 

- 

0 

- 

ns 

C3]. C4] 


• TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED) 


Address y 

twc 

; 


i L_ *flE J 1 

- X3 

/ 

^7 

//, 


L_ . UE - 

two 


<<*s | 


« is 

A 7 

low t 

/ 

tDH 


Data In y ^ 

Data In Valid 

DC 



Jr=r| 

1 

P=i£E J 

/ 

Data Out Data Undefined 

' High Impedance 

/ 

\ 


• TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED) 


zP 

(ire 

r zzz ; 

K 







( 


tA» 



t»P 



\ \ \ \ \ ■ 

\ 1 

erm 


low 

-iiH 


i 

)( 

Data In Valid /\ 




Data Undefined / High Impedance 


Note) CS or WE are High for Address Transition 

Notes: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6147H-35, HM6147H-45, HM6147H-55, HM6147HP-35, HM6147HP-45, HM6147HP-55 


ACCESS TIME VS. SUPPLY VOLTAGE 


ACCESS TIME VS. AMBIENT TEMPERATURE 






Vcc = 5.0V 






















Supply Voltage Vcc (V) 


Ambient Temperature Ta ( C) 


ACCESS TIME VS. LOAD CAPACITANCE 


SUPPLY CURRENT VS. FREQUENCY 












HM61 47H-35.HM61 47H-45.HM61 47H-55.HM61 47HP-35.HM61 47HP-45.HM61 47HP-55 


OUTPUT CURRENT VS. OUTPUT VOLTAGE OUTPUT CURRENT VS. OUTPUT VOLTAGE 



Output Voltage Voh (V) 


Output Voltage Vol (V) 


STANDBY CURRENT VS. AMBIENT TEMPERATURE STANDBY CURRENT VS. SUPPLY VOLTAGE 



Ambient Temperature Ta CC) Supply Voltage Vcc (V) 


STANDBY CURRENT VS. INPUT VOLTAGE 
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HM6147HLP-35, HM6147HLP-45, 
HM6147HLP-55 

4096-word x 1-bit High Speed Static CMOS RAM 


■FEATURES 

• Single 5V Supply and High Density 18 Pin Package 

• High Speed: Fast Access Time 35ns/45ns/55ns Max. 

• Low Power Standby and Low Power Operation, 

Standby; 5juW typ., Operation: 150mW typ. 

• Completely Static Memory — No Clock nor Timing Strobe 
Required 

• No Peak Power— On Current 

• No Change of t A cs with Short Chip Deselect Time 

• Equal Access and Cycle Time 

• Directly TTL Compatible - All Input and Output 

• Separate Data Input and Output: Three State Output 

• Plug-In Replacement with Intel 2147H NMOS STATIC RAM 

• Capable of Battery Back up Operation 


■BLOCK DIAGRAM 



Aj A< As A 9 Aio Ah 


Vi < 


GNU 


Dout 




■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin relative to GND 

Vt 

-3.5* to +7.0 

V 

DC Output Current 

Io 

20 

mA 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

Topr 

0 to +70 

# C 

Storage Temperature (under bias) 

Tslg (has ) 

-10 to +85 

°C 

Storage Temperature 

Tstg 

-55 to +125 

°C 


» Pulse Width 20ns. DC : -0.5V 


■RECOMMENDED DC OPERATING CONDITIONS (O'C S 7a;S70"C ) 


Parameter 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High (logic 1) Voltage 

V IH 

2.2 

3.0 

6.0 

V 

Input Low (logic 0) Voltage 

VtL 

-0.5* 

- 

0.8 

V 


* V,l min- -3V (Pulse uidth S 20ns) 


0 HITACHI 


93 





HM61 47HLP-35.HM61 47HLP-45.HM61 47HLP-55 


■DC AND OPERATING CHARACTERISTICS (0‘C STaS70‘C, Vcc- 5V±10%, GND-OV) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

1 hi 1 

Vcc -5.5V, GND to Vcc 

- 

- 

10 

M 

Output Leakage Current 

\ho\ 

CS-V/g, K.,-0V~Vcc 

- 

- 

10 

M 

Operating Power Supply Current (1) DC 

Icc 

CS*- Vil, Output open 

- 

30 

80 

mA 

Operating Power Supply Current (2) DC 

Icci 

CS*- Vil, Minimum Cycle 

- 

40 

80 

mA 

Standby Power Supply Current (1) DC 

IsB 

CS — V/h, Vcc — Min to Max 

- 

5 

15 

mA 

Standby Power Supply Current (2) DC 

IsBX 

CS^ Vcc— 0.2V, 

V/*£0.2V or V, N >Vcc- 0.2V 

- 

1 

100 

M 

Output Low Voltage 

VOL 

Jot” 8mA 

- 

- 

0.40 

V 

Output High Voltage 

VOH 

/o« — — 4.0mA 

2.4 

- 


V 


Note) 1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
2. Typical limits are at Vcc — 5.0V, Ta — 25*C and specified loading. 


■AC TEST CONDITIONS 

• Input pulse levels: GND to 3.0V 

• Input rise and fall times: 5 ns 

• Input timing reference levels: 1.5V 

• Output load: See Figure 

• Output timing reference levels: 

1.5V (HM61 47HLP-35) 

0.8 to 2.0V (HM61 47HLP-45/55) 


Vcc 



Output Load B 


■CAPACITANCE (7a-25"C, /-1.0MHz) 


Item 

Symbol 

Conditions 

max 

Unit 

Input Capacitance 

c„ 

> 

o 

& 

5 

pF 

Output Capacitance 

c„, 

> 

o 

6 

P F 


Note) This parameter is sampled and not 100% tested. 



■ AC CHARACTERISTICS (Ta =0°C to 70°C, Vcc** 5V±10%, unless otherwise noted.) 

• READ CYCLE 


Parameter 

Symbol 

HM6147HLP-35 

HM6147HLP-45 

HM6147HLP-55 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

tRC 

35 

- 

45 

- 

55 

- 

ns 

(1) 

Address Access Time 

tAA 

- 

35 

- 

45 

- 

55 

mm 


Chip Select Access Time 


- - 

35 

- 


- 


i 


Output Hold from Address Change 

tOH 

5 

- 

5 

- 

5 

- 

ESI 


Chip Selection to Output in Low Z 

tLZ 

5 

- 

5. 

- 

5 

- 

mi 

(2). (3). (7) 

Chip Deselection to Output in High Z 

t HZ 

0 

30 

0 

30 

0 

30 

ns 

(2), (3), (7) 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

0 

- 

ns 


Chip Deselection to Power Down Time 

tPD 

- 

20 

- 

20 

' - 

20 

ns 
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HM61 47HLP-35.HM61 47HLP-45,HM61 47HLP-55 


• TIMING WAVEFORM OF READ CYCLE N0.1 <4)(31 


z> 

l*c 

( > 



r l0H 

lAA 


Previout 

Data Valid 

7 

KXX > 

t 

Data Valid 

^ 


• TIMING WAVEFORM OF READ CYCLE N0.2 (4)(6) 



Notes: 1. All Read Cycle timings are referenced from last valid address to the 
first transitionining address. 

2. At any given temperature and voltage condition, tHZ max. is less than 
*LZ min. both for a given device and from device to divice. 

3. Transition is measured ±500mV from steady state voltage with 
spec ified loading in Load B. 

4. WFis high for READ Cycle. 

5. Device is continuously selected, 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 


• WRITE CYCLE 


Parameter 

Symbol 

HM6147HLP-35 

HM6147HLP-45 

HM6147HLP-55 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

35 

- 

45 

- 

55 

- 

ns 

[2] 

Chip Selection to End of Write 

tew 

35 

- 

45 

- 

45 

- 

ns 


Address Valid to End of Write 

tAW 

35 

- 

45 

- 

45 

- 

ns 


Address Setup Time 

tAS 

0 

— 

0 

- 

0 

- 

ns 


Write Pulse Width 

twp 

20 

— 

25 

— 

30 

- 

ns 


Write Recovery Time 

twR 

0 

- 

0 

- 

0 

- 

ns 


Data Valid to End of Write 

tow 

20 

- 

25 

~ 

25 

- 

ns 


Data Hold Time 

Idh 

10 

- 

10 

- 

10 

- 

ns 


Write Enable to Output in High Z 

twz 

0 

20 

0 

25 

0 

30 

ns 

[3], [4] 

Output Active from End of Write 

tow 

0 

- 

0 

- 

0 

I 

ns 

[3], (4) 
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HM61 47HLP-35.HM61 47HLP-45.HM61 47HLP-55 


• TIMING WAVEFORM OF WRITE CYCLE (WE CONTROLLED) 


Address 


CS 


WE 


Date In 


Oats Out 



• TIMING WAVEFORM OF WRITE CYCLE (CS CONTROLLED) 


Addreee ^ 


C — 



L 


CS 

S ; - - ; 

L 



WE \ \ \ \ \ ^ 

i i 

r ZT7~ 

1 - 

\ 

MH 


Mi 

■Run 

1 

! Dm In Vtltd /\ 



- ' “ j 


Date Out \ 

Dm Undefined / 

High impedance 


Notes: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 


■LOW Vcc DATA RETENTION CHARACTERISTICS (Ta=0°C to +70*0 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Vcc for Data Retention 

V cs 

CSSVcc-0.2V 

Vcc- 0.2V or V, w s£0.2V 

2.0 

- 

- 

V 

Data Retention Current 

I CCD R 

Vcc — 3 . OV, CSS 2.8V 

V/wS2.8V or V lN < 0.2V 

- 

- 

50 

M 

Chip Deselect to Data Retention Time 

tcDR 

See Retention Waveform 

0 

- 

- 

ns 

Operation Recovery Time 

tR 

t RC* 

- 

- 

ns 


* t*c” Read Cycle Time. 


• LOW V« DATA RETENTION WAVEFORM 
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HM6116-2, HM6116-3, HM6116-4 

HM6116P-2, HM6116P-3, HM6116P-4 


2048- word x 8-bit High Speed Static CMOS RAM 


■FEATURES 

• Single 5V Supply and High Density 24 Pin Package 

• High speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: 100//W (typ.) 

Low Power Operation Operation: 180mW (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 


■FUNCTIONAL BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

-0.5* to +7.0 

V 

Operating Temperature 

T«p, 

0 to +70 

*C 

Storage Temperature (Plastic) 

T.„ 

-55 to +125 

*C 

Storage Temperature (Ceramic) 

T.tf 

— 65 to +150 

# C 

Temperature Under Bias 

T»,„ 

-10 to +85 

*C 

Power Dissipation 

Pt 

1.0 

W 


* Pulse Width 50ns : -1.5 V 


HM6116-2, HM6116-3, 
HM6116-4 



(DG-24) 


HM6116P-2, HM6116P-3, 
HM6116P-4 



| (DP-24) 

■ PIN ARRANGEMENT 


a,[t 

KJ 

~24~j Vcc 

As [jr 


23 | As 

As ( 3 


jD ^ 

Ai £jT 


~~n~[ We 

As [~T~ 


2o | He 

A 2 j 6 


19 | Ait 

A> £7] 


18 |CS 

a.[T 


17 | I/Os 

i/oi [7^ 


16 | I/O? 

i/o? QjT 


15 | l/0« 

i/oj QT 


14 | I/Os 

GND QT 


13 | I/O, 


(Top Viewi 


■TRUTH TABLE 


CS 

OE 

WE 

Mode 

Vcc. Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

/ SB, IsB 1 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (1H3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 
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HM61 1 6-2.HM61 1 6-3,HM61 1 6-4,HM61 1 6P-2,HM61 1 6P-3,HM61 1 6P-4 

■RECOMMENDED DC OPERATING CONDITIONS (7a- 0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V,H 

2.2 

3.5 

6.0 

V 

V lL 

-1.0* 

- 

0.8 

V 


* Pulse Width I 50ns, DC I V, L min=-0.3V 


■DC AND OPERATING CHARACTERISTICS (Vbc=5V+10%, GND-OV, 7a= 0 to +70C) 


Item 

Symbol 

Test Conditions 

HM6116/P-2 

HM6116/P-3/-4 

Unit 

min 

typ* 

max 

min 

typ* 

max 

Input Leakage Current 

Uul 

Vcc = 5.5 V, V, n = GND to Vcc 

- 

- 

10 

- 

- 

10 

M 

Output Leakage Current 

1 ho | 

CS=V,h or OE= V/h, 

Vm> = GND to Vcc 

- 

- 

10 

- 

- 

10 

M 

Operating Power Supply 

Current 

Icc 

CS = ViL y Ii/o = OmA 

- 

40 

80 

- 

35 

70 

mA 

Icci ** 

V/h = 3.5V, V/i.==0.6V, 

OmA 

- 

35 

- 

- 

30 

- 

mA 

Average Operating Current 

Ic.C2 

Min. cycle, duty = 100% 

- 

40 

80 

- 

35 

70 

mA 

Standby Power Supply 

Current 

IsB 

CS=V /W 

- 

5 

15 

- 

5 

15 

mA 

IsB 1 

CSS Vcc— 0.2V, V»^Vc C 

-0.2V or Vn^0.2V 

- 

0.02 

2 

- 

0.02 

2 

mA 


VOL 

Iol~ 4mA 

- 

- 

0.4 

- 

- 

- 

V 

Output Voltage 

/o£. == 2. 1mA 

- 

- 

- 

- 

- 

0.4 

V 


VoH 

/oh = — 1.0mA 

2.4 

- 

- 

2.4 

- 

- 

V 


* Pcc-5V, To ~25‘C 
** Reference Only 


■AC CHARACTERISTICS ( V' CC = 5V±10%, 7a= 0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C[_ = lOOpF (including scope and jig) 

• READ CYCLE 


Item 

Symbol 

HM6116/P-2 

HM6116/P-3 

HM6116/P-4 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

tAA 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tCLZ 

10 

- 

15 

- 

15 

- 

ns 

Output Enable to Output Valid 

toE 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

toLZ 

10 

- 

15 

- 

15 

- 

ns 

Chip Deselection to Output in High Z 

tc HZ 

o 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t OH 

10 

- 

15 

- 

15 

- 

ns 
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HM61 1 6-2.HM61 1 6-3.HM61 1 6-4.HM61 1 6P-2.HM61 1 6P-3.HM61 1 6P-4 


• WRITE CYCLE 


Item 

Symbol 

HM6116/P-2 

| FM6116/P-3 

HM6116/P-4 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

tAW 

105 

- 

120 

- 

140 

- 

ns 

Address Set Up Time 

Ias 

20 

- 

20 

- 

20 

- 

ns 

Write Pulse Width 

twp 

70 

- 

90 

- 

120 

- 

ns 

Write Recovery Time 

tWR 

5 

- 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

t OH Z 

0 

40 

0 

50 

0 

60 

ns 

Write to Output in High Z 

twHZ 

0 

50 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

tow 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

t DH 

5 

- 

10 

- 

10 

- 

ns 

Output Active from End of Write 

tow 

5 

- 

10 

- 

10 

- 

ns 


■CAPACITANCE (/-1MHz, Ta- 25'C) 


Item 

Symbol 

[ Test Conditions | 

typ 

max 

Unit 

Input Capacitance 

C„ 

> 

o 

3 

5 

pF 

Input/Output Capacitance 

Ci/o 

> 

o 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■TIMING WAVEFORM 
• READ CYCLE (1)°’ 



• READ CYCLE(2) <,,<,>U ’ 


Address ^ 

— tuc 

( 

tAA 

> 

1 

( 

Dout 

I*— tOH- — 

SEX) 


c 


• READ CYCLE(3)° ><3><4> 

cs 


Uout 


NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, C§"= K//,. 

3. Add ress Valid prior to or coincident with CS transition Low. 

4. 0E= Vjl. 
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HM61 1 6-2,HM61 1 6-3,HM61 1 6-4,HM61 1 6P-2,HM61 1 6P-3,HM61 1 6P-4 
WRITE CYCLE (1) 



• WRITE CYCLE(2) C5) 



NOTES: 1. A write occurs during the overlap (t^p) of a low CS and a lowlVE. 

2. t wp is measured from the earlier of ClTor WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CiT low transitio n oc curs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. (OE= V IL ) 

6. D out is the same phase of write data of this write cycle. 

7. D p ut i s the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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Access Time tjijt.tacsfNorinalized) 


HM61 1 6-2.HM61 1 6-3,HM61 1 6-4.HM61 1 6P-2.HM61 1 6P-3.HM61 1 6P-4 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



ACCESS TIME 

vs. SUPPLY VOLTAGE 


ACCESS TIME 

vs. AMBIENT TEMPERATURE 





To= 25‘C 






















4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 



ACCESS TIME 

vs. LOAD CAPACITANCE 


SUPPLY CURRENT 
vs. FREQUENCY 



100 200 300 400 500 


Load Capacitance Cl (pF) 
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Output Current /off(Normalized) ^° w ^ n P ut Voltage V/zCNormalized) 


HM61 1 6-2,HM61 1 6-3,HM61 1 6-4,HM61 1 6P-2,HM61 1 6P-3.HM61 1 6P-4 


LOW INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 



HIGH INPUT VOLTAGE 
vs. SUPPLY VOLTAGE 





r<j=25*C 







_____ 



" ■■ 












4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 



OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 
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HM6116I-2, HM6116I-3, 

HM6116I-4 Wide Operating Temperature Range 


2048-word x 8-bit High Speed Static CMOS RAM 


■FEATURES 

• Wide Operating Temperature Range — 40~+85°C 

• Single 5V Supply and High Density 24 Pin Package 

• High speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: 100/iW (typ.) 

Low Power Operation Operation: 180mW (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 


■FUNCTIONAL BLOCK DIAGRAM 




■ PIN ARRANGEMENT 


A? | 1 



3 lh 

Aef ~ 


23 | An 

As | 3 


3 * 

A. [~r 


TT~| we 

Ai (jT 


3<> | OE 

*Gl 


I () | Aio 

Ai Cl 


i«~] ~cs“ 

a ‘E 


17 | I/O* 

i/oi pr 


16 | I/O? 

i/OifTT 


IT) | I 'Os 

i/os QT 


14 | I/Os 

gnd QT 


13 ] 1/0, 


'Top View 


■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

— 0.5* to +7.0 

V 

Operating Temperature 

T opr 

- 40 to +85 

°C 

Storage Temperature 

T„ t 

-65 to +150 

°C 

Power Dissipation 

Pt 

1.0 

W 


» Pulse Width SO ns : -1.5V 
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HM6116I-2, HM6116I-3, HM6116I-4 


■TRUTH TABLE 


cs 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

IsB , IsB 1 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (1H3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 


■RECOMMENDED DC OPERATING CONDITIONS ( Ta — 40 to +85'C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V, H 

2.2 

3.5 

6.0 

V 

v lL 

-1.0* 

- 

0.8 

V 


* Pulse Width : 50ns, DC : V tL mm- -0.3V 


■DC AND OPERATING CHARACTERISTICS ( Vic-5V±10%, GND-OV, To- -40 to +85'C) 


Item 

Symbol 

Test Conditions 

min 

typ* 

max 

Unit 

Input Leakage Current 

\h,\ 

Vcc = 5.5V, Pm = GND to Vcc 

- 

- 

10 

M 

Output Leakage Current 

1 ho 1 

CS =P, W or OE= P/H, P /,0 = GND to Vcc 

- 

- 

10 

mA 

Operating Power Supply 

Icc 

CS —Vil, I i/o ~ 0mA 

- 

35 

90 

mA 

Current 

Ic Cl** 

P/h= 3.5V, P/z, = 0.6V, I,/ 0 = 0mA 

- 

30 

- 

mA 

Average Operating Current 

Icc 2 

Min. cycle, duty=100% 

- 

35 

90 

mA 

Standby Power Supply 

I SB 

CS =P /W 

- 

4 

20 

mA 

Current 

I SB 1 

CSS Pcc — 0.2V, PnS Vcc 0.2V or P„^0.2V 

- 

0.02 

2 

mA 

Output Voltage 

Po/. 

Iol~ 2. 1mA 

- 

- 

0.4 

V 

Voh 

Ioh= —1.0mA 

2.4 

- 

- 

V 


* Vrr»5V, T«-25°C 
** Reference Only 


■AC CHARACTERISTICS (Vbc=5V±10% 7a-- 40 to +85°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C(_ = lOOpF (including scope and jig) 

• READ CYCLE 


Item 

Symbol 

HM6116I-2 

HM6116I-3 

HM6116I-4 | 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

tAA 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

~ 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tCLZ 

10 

- 

10 


10 

- 

ns 

Output Enable to Output Valid 

toB 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

toLZ 

10 

- 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

t C HZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

t OHZ 

0 

40 

0 

50 

0 

.60 

ns 

Output Hold from Address Change , 

t OH 

10 

- 

10 

- 

10 


ns 
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HM6116I-2, HM6116I-3, HM6116I-4 


• WRITE CYCLE 


Item 

Symbol 

HM6116I-2 

HM6116I 

-3 

HM6116I-4 | 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

lew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

tAW 

105 

- 

120 

- 

140 

- 

ns 

Address Set Up Time 

tA S 

20 

- 

20 

- 

20 

- 

ns 

Write Pulse Width 

twp 

70 

- 

90 

- 

120 

- 

ns 

Write Recovery Time 

tWR 

5 

- 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

to HZ 

0 

40 

0 

50 

0 

60 

ns 

Write to Output in High Z 

tWHZ 

0 

50 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

t DW 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

tDH 

5 

- 

10 

- 

10 

- 

ns 

Output Active from End of Write 

tow 

5 

- 

10 

- 

10 

-- 

ns 


■CAPACITANCE (/-1MHz, Ta- 25'C) 


Item 

Symbol 

| Test Conditions 

typ 

max 

Unit 

Input Capacitance 

C,n 

> 

o 

l e 

3 

5 

pF 

Input/Output Capacitance 

Cl/o 

| Vm>-0V 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 

■ TIMING WAVEFORM 
• READ CYCLEd) " 15 ’ 


X 


SSL 


• READ CYCLE (2)’ 


X 


X 


JL 


mn 


TL 







X 


X 


• READ CYCLE(3) <n<3)C4) 



NOTES: 1. *WFis High for Read Cycle. 

2. Device is continuously selected, CS = Vj^. 

3. Address Valid prior to or coincident with CS transition Low. 

4. X5E"= Vjj^. 
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HM6116I-2, HM6116I-3, HM6116I-4, 
WRITE CYCLE (1) 



NOTES: 1. A write occurs during the overlap (typ) of a low CS and a low WE. 

2. t wr is measured from the earlier of CS or WE going' high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of o pposite phase to the outputs must not be applied. 

4. If the CS low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
ped ance state. 

5. OE is continuously low. (OE= V IL ) 

6. D out is tVie same phase of write data of this write cycle. 

7. D o„t is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116PI-2, HM6116PI-3, 

HM6116PI-4 Wide Operating Temperature Range 


2048-wordx 8-bit High Speed Static CMOS RAM 
■FEATURES 

• Wide Operating Temperature Range — 40~+85°C 

• Single 5V Supply and High Density 24 Pin Package 

• High speed: Fast Access Time 1 20ns/1 50ns/200ns (max.) 

• Low Power Standby and Standby: 100/zW (typ.) 

Low Power Operation Operation: 1 80m W (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 


■FUNCTIONAL BLOCK DIAGRAM 




■ PIN ARRANGEMENT 


a-H~ 

KJ 

3- 

Asflj 


~ 1 A* 

,[T 



a.[T 


21 | WE 

*3 


2 " | OE 

A* [T 


19 | Am 



in | ~cTT 

a.[T 


1 " 1 l-'On 

I/Ol 1 9 


16 | I 'Or 

1/02 | 10 


15 | 1 (I* 

1/03 QT 


14 | 1 Of 

CND QT 


13 | I/O, 


1 Top View! 


■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

-0.5* to +7.0 

V 

Operating Temperature 

T op r 

-40 to +85 

°C 

Storage Temperature 

T. t ' 

-55 to +125 

°c 

Power Dissipation 

Pt 

1.0 

w 


* Pulse Width 50ns : -1.5V 
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HM6116PI-2, HM6116PI-3, HM6116PI-4 


■TRUTH TABLE 


cs 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

IsB , IsB\ 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (1M3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 


■RECOMMENDED DC OPERATING CONDITIONS ( Ta 40 to +85*0 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Jpput Voltage 

V lH 

2.2 

3.5 

6.0 

V 

Vu 

-1.0* 

- 

0.8 

V 


* Pulse Width : 50ns. DC : V, L min- -0.3V 


■DC AND OPERATING CHARACTERISTICS ( Vcc-5V±10%, GND-OV, To--- 40 to + 85‘C) 


Item 

Symbol 

Test Conditions 

min 

typ* 

max 

Unit 

Input Leakage Current 

\h,\ 

Vcc -5.5V, V,„-GND to Vcc 

- 

- 

10 

M A 

Output Leakage Current 

1 ho | 

CS=V,« or OE— Vih, Vi /0 = GND to Vcc 


- 

10 

M 

Operating Power Supply 

Icc 

CS — V/ l , I t/o = OmA 

- 

35 

90 

mA 

Current 

Icc 1 ** 

V/j/=3.5V, V,l = 0.6V, Iuo - OmA 

- 

30 

- 

mA 

Average Operating Current 

Icc 2 

Min. cycle, duty = 100% 

- 

35 

90 

mA 

Standby Power Supply 

IsB 

CS= Vih 

- 

4 

20 

mA 

Current 

I SBl 

CS^ Vcc— 0.2V, V.^Vcc -0.2V or V,„£0.2V 

- 

0.02 

2 

mA 

Output Voltage 

VOL 

ZoL = 2.1mA 

- 

- 

0.4 

V 

VoH 

/ow— —1.0mA 

2.4 

- 

- 

V 


» Vic-5V, To — 25*C 
** Reference Only 


■AC CHARACTERISTICS (Vcc=5V±10%, Ta=- 40 to +85’C ) 
• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Q. = lOOpF (including scope and jig) 


• READ CYCLE 


Item 


HM6116PI-2 

HM6116PI-3 

1 HM6116PI-4 

Unit 


min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

120 

- 

150 

- 

200 

— 

ns 

Address Access Time 

tAA 

- 

120 

- 

150 

— 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tCLt 

10 

- 

10 

- 

10 

— 

ns 

Output Enable to Output Valid 

toE 

- 

80 

— 

100 

— 

120 

ns 

Output Enable to Output in Low Z 

toLZ 

10 

- 

10 

— 

10 

— 

ns 

Chip Deselection to Output in High Z 

tc HZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t0H 

10 

- 

10 

- 

10 

- 

ns 
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HM6116PI-2, HM6116PI-3, HM6116PI-4 


• WRITE CYCLE 


Item 

Symbol 

\ HM6116PI-2 

HV16116PI-3 

! HM6116PI-4 j 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

tAW 

105 

- 

120 

- 

140 

- 

ns 

Address Set Up Time 

Ia s 

20 

- 

20 

- 

20 

- 

ns 

Write Pulse Width 

twp 

70 

- 

90 

- 

120 

- 

ns 

Write Recovery Time 

twR 

5 

- 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

t OH Z 

0 

40 

0 

50 

0 

60 

ns 

Write to Output in High Z 

tWHZ 

0 

50 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

tow 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

t OH 

5 

- 

10 

— 

10 

- 

ns 

Output Active from End of Write 

tow 

5 

- 

10 

- 

10 

- 

ns 


■CAPACITANCE (/-1MHz, Ta=25'C) 


Item 

Symbol 

| Test Conditions 

typ 

max 

Unit 

Input Capacitance 

c„ 

> 

o 

ll c 

3 

5 

P F 

Input/Output Capacitance 

Ci/o 

| Vm,=»0V ' 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■TIMING WAVEFORM 
• READ CYCLE (1)°’ 



IH< 

( ; 

>< 


k (4, H 

f 


\\\\\\\\ 

' 77777 / 

un. 


tOH — — 



^ 1— lo„ — . 




77 




- 

lOHZ- 


tAi » 



In/ 

Lx;;: 1 

boL 

— 1 


•READ CYCLE(2) <IH3K3> 


_} 

— ttc — 

( ZD 

( 


p* " tAA 

i- ton *-| 



[— ton -j 


i- - i 


) 

C 


• READ CYCLE(3)‘ ,><,,M> 




Oout 



/ 



NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, C5"= Vji. 

3. Add ress Valid prior to or coincident with CS transition Low. 

4. UE = Vjl. 
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HM6116PI-2, HM6116PI-3, HM6116PI-4 


WRITE CYCLE (1) 

Address 

OE 

CS 

WE 

Dout 


• WRITE CYCLE(2) C5) 



NOTES: 1. A write occurs during the overlap (%p) of a low CS and a low WE. 

2. tw R is measured from the earlier of CS“or WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CS" low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. ((5E “ Vji) 

6. Dout * s t>ie same phase of write data of this write cycle. 

7. D o „t i s the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116FP-2, HM6116FP-3, 
HM6116FP-4 


2048- word x 8-bit High Speed Static CMOS RAM 


■FEATURES 

• High Density Small-Sized Package 

• Projection Area Redueced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply 

• High Speed: Fast Access Time 120ns/1 50ns/200ns (max.) 

• Low Power Standby Standby: lOOjLiW (typ.) 

• Low Power Operation; Operation: 1 80m W (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 
■FUNCTIONAL BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

-0.5* to +7.0 

V 

Operating Temperature 

Topr 

0 to +70 

*c 

Storage Temperature 

T. tt 

-55 to +125 

°c 

Temperature Under Bias 

n,.. 

-10 to +85 

# c 

Power Dissipation 

Pt 

1.0 

w 


* Vm min - -1.5V (Pulse Width ^ 50ns) 



■PIN ARRANGEMENT 


a? [TT 

w 

-4 | Vcc 

As [IT 


23 | As 

As [IT 


~22~] As 

At |jT 


21 | ‘we’ 

As []r 



As [IT 


19 1 A10 

Ai QT 


cs 

Ao [“T 


17 1 I/Os 

i/o, £jT 


16 ] I/O 7 

1/02 E 


I 5 | I/Oe 

i/os QT 


~~| I/Os 

GND QT 


13 | I /O4 


(Top View) 


■TRUTH table 


cs 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

I SB, IsB 1 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycled M3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycled) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle(2) 
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HM61 1 6FP-2,HM61 1 6FP-3.HM61 1 6FP-4 

■RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5 ;5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V lH 

2.2 

3.5 

6.0 

V 

Vil 

—1.0* 

- 

0.8 

V 


* Pulse Width : 50ns, DC I V IL min- -0.3V 


■DC AND OPERATING CHARACTERISTICS (Vcc = 5V±10% GND-OV, Ta~ 0 to +70 # C) 


Item 

Symbol 

Test Conditions 

HM6116FP-2 

HM6116FP-3/-4 

Unit 

min 

typ* 

max 

min 

typ* 

max 

Input Leakage Current 

\Iu\ 

Vcc — 5.5V, V.-GND to Vcc 

- 

- 

10 

- 

- 

10 

M 

Output Leakage Current 

\ho\ 

CS-V/« or OE— Vih 

Vmj-GND to Vcc 

“ 

- 

10 

- 

- 

10 

M 

Operating Power Supply 
Current 

lee 

CS — Vil, lt/o — 0mA 

- 

40 

80 

- 

35 

70 

mA 

/cci** 

V/w— 3.5V, V/t— 0.6 V, 

I i/Q*** 0mA 

- 

35 

- 

- 

30 

- 

mA 

Average Operating Current 

Icc l 

Min. cycle, duty — 100% 

- 

40 

80 

- 

35 

70 

mA 

Standby Power Supply 

Current 

I S 8 

CS— Vih 

- 

5 

15 

- 

5 

15 

mA 

I SB J 

CS^ Vcc -0.2V, Vn^Vcc 

-0.2V or V in ^0.2V 

- 

0.02 

2 

- 

0.02 

2 

mA 


VoL 

lot — 4mA 

- 

- 

0.4 

- 

- 

- 

V 

Output Voltage 

lo l — 2 . 1 m A 

- 

- 

- 

- 

- 


V 


VoH 

Jo//- “1 .0mA 

2.4 

- 

- 

2.4 

- 


V 


* Vcc — 5V, r a -25*C 
** Reference Only 


■AC CHARACTERISTICS (V CC =5V±10% 7a= 0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and * lOOpF (including scope and jig) 


• READ CYCLE 


Item 

Symbol 

HM6116RP-2 

HM6116FP-3 | 

HM6116FP-4 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

tnc 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

Iaa 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tcLZ 

10 

- 

15 

- 

15 

- 

ns 

Output Enable to Output Valid 

toE 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

toLZ 

10 

- 

15 

- 

15 

- 

ns 

Chip Deselection to Output in High Z 

tcHZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t OH 

10 

- 

15 

- 

15 

- 

ns 


112 


0 HITACHI 









HM61 1 6FP-2,HM61 1 6FP-3,HM61 1 6FP-4 


• WRITE CYCLE 


Item 

Symbol 

HM6116FP-2 

| HM6116FP-3 

HM6116FP-4 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

tAW 

105 

- 

120 


140 

- 

ns 

Address Set Up Time 

tA S 

20 

- 

20 

- 

20 

- 

ns 

Write Pulse Width 

twp 

70 

- 

90 

- 

120 

- 

ns 

Write Recovery Time 

twR 

5 

- 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

toHZ 

0 

40 

0 

50 

0 

60 

ns 

Write to Output in High Z 

twHZ 

0 

50 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

tow 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

t DH 

5 

- 

10 

- 

10 

- 

ns 

Output Active from End of Write 

t OW 

5 

- 

10 

- 

10 

- 

ns 


■CAPACITANCE (/-1MHz, 7a= 25°C) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

c,„ 

V,„=0V 

3 

5 

P F 

Input/Output Capacitance 

Ct/O 

V//o = 0 V 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■ TIMING WAVEFORM 
• READ CYCLE (1) '’ 




ac 




£ 




• READ CYCLE (2) ‘ 


X 


2SEXX 




2 


• READ CYCLE(3) OK3><4> 


cs 


Dout 


\ 

7 

t 

lAC S — 


- 1( H/ 


K ) 


NOTES: 1. Wis High for Read Cycle. 

2. Device is continuously selected, CS = K/jr,. 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE = V IL . 
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HM61 1 6FP-2,HM61 1 6FP-3.HM61 1 6FP-4 

■TIMING WAVEFORM 
• WRITE CYCLE (1) 0) 




NOTES: 1. A write occurs during the overlap {*wp) of a l ow CS and a low WE. 

2. twR is measured from the earlier of C5T or WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 

signals of o pposite phase to the outputs must not be applied. 

4. If the CS low transitio n oc curs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high 
imp edance state. 

5. T5Fis continuously low. (OE*= Vji) 

6. D out is the same phase of write data of this write cycle. 

7. D 0 „t i s the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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Access Time f„„,*„cs(Normaiued) Access Time U,,Ucs(Normalized) Supf>,y Current /cC * W Normalized) 


HM61 1 6FP-2,HM61 1 6FP-3.HM61 1 6FP-4 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



0 20 40 60 80 

Ambient Temperature T. (*C) 


ACCESS TIME 

vs. SUPPLY VOLTAGE 


ACCESS TIME 

vs. AMBIENT TEMPERATURE 



4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 



0 20 40 60 80 

Ambient Temperature Ta CC) 


ACCESS TIME 

vs. LOAD CAPACITANCE 


SUPPLY CURRENT 
vs. FREQUENCY 



100 200 300 400 500 


Load Capacitance Cl (pF) 
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HM6116CG-2, HM6116CG-3, 
HM6116CG-4 


2048-word x 8-bit High Speed Static CMOS RAM 


■ FEATURES 

• Single 5V Supply and High Density 32 pin-Leadless-Chip Carrier 

• High speed. Fast Access Time 1 20ns/150ns/200ns (max.) 

• Low Power Standby and Standby: lOOjuW (typ.) 

Low Power Operation Operation: 180mW (typ.) 

• Completely Static RAM: No Clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 


■ FUNCTIONAL BLOCK DIAGRAM 




■ PIN ARRANGEMENT 


A; NC NC NC Vet NC NC 



(Top View) 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vr 

— 0.5* to +7.0 

V 

Operating Temperature 

Topr 

0 to +70 

e C 

Storage Temperature 

T. tt 

-65 to +150 

# c 

Power Dissipation 

Pt 

1.0 

w 


* Pulse Width 50ns : — 1.5V 


■TRUTH TABLE 


cs 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

IsB , I SBl 

High Z 


L 

L 

H 

Read 

Ice 

Dout 

Read Cycle (1H3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Ice 

Din 

Write Cycle (2) 
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HM61 1 6CG-2,HM61 1 6CG-3,HM61 1 6CG-4 


■RECOMMENDED DC OPERATING CONDITIONS (7a=0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V, H 

2.2 

3.5 

6.0 

V 

V,L 

--1.0* 

- 

0.8 

V 


* Pulse Width : 50ns, DC ! V IL min- -0.3V 


■DC AND OPERATING CHARACTERISTICS (Vcc = 5V±10%, GND = 0V, Ta- 0 to +70°C) 


Item 

Symbol 

Test Conditions 

HM6116CG-2 

HM6116CG-3/-4 

Unit 

min 

typ* 

max 

min 

typ* 

max 

Input Leakage Current 

i/t-i 

Vcc “5.5V, V„ = GND to V c < • 

- 

- 

10 

~ . | 

- 

10 

mA 

Output Leakage Current 

1 ho | 

CS -V, H or OE= Vih, 

V/ « = GND to Vcc 

- 

- 

10 


- 

10 

mA 

Operating Power Supply 

Current 

Icc 

CS — Vi l, Ii,c = OmA 

- 

40 

80 

- 1 

35 

70 

mA 

Ic C 1 ** 

V /W ~3.5V, V„ = 0.6V, 

h/o = 0mA 

- 

35 

- 

- 

30 

- 

mA 

Average Operating Current 

I CC2 

Min. cycle, duty = 100% 

- 

40 

80 

- 

35 

70 

mA 

Standby Power Supply 

Current 

IsB 

CS=V/« 

- 

5 

15 

- 

5 

15 

mA 

I SB 1 

CS^ Vcc — 0.2V, V.n'^Vcc 

-0.2V or V, n ^0.2V 

- 

0.02 

2 

- 

0.02 

2 

mA 


VoL 

lot. = 4mA 

- 

- 

0.4 

- 

- 

- 

V 

Output Voltage 

lot. — 2 . 1mA 

- 

- 

- 

- 

- 

0.4 

V 


VoH 

I oh — — 1 .0mA 

2.4 

- 

- 

2.4 

- 

- 

V 


* Wr-5V. 25'C 
** Reference Only 


■AC CHARACTERISTICS ( Vbc=5V±10%, 7a- 0 to +70°C) 
• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C/_ = lOOpF (including scope and jig) 


• READ CYCLE 


Item 

Symbol 

HM6116CG-2 

HM6116CG-3 

HM6116CG-4 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

tHC 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

tAA 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

~ 

200 

ns 

Chip Selection to Output in Low Z 

tCLZ 

10 

- 

15 

- 

15 

- 

ns 

Output Enable to Output Valid 

toE 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

toLZ 

10 

- 

15 

- 

15 

- 

ns 

Chip Deselection to Output in High Z 

tc HZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t OH 

10 

- 

15 

- 

15 

- 

ns 
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HM61 1 6CG-2.HM61 1 6CG-3.HM61 1 6CG-4 


• WRITE CYCLE 


Item 

Symbol 

HM6116CG-2 

HM6116CG-3 

HM6116CG-4 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

tAW 

105 

- 


- 

140 

- 

ns 

Address Set Up Time 

tA S 

20 

- 

20 

- 

20 

- 

ns 

Write Puise Width 

twp 

70 

- 

90 

- 


- 

ns 

Write Recovery Time 

tWR 

5 

- 

10 

- 


- 

ns 

Output Disable to Output in High Z 

t OH 2 

0 


0 


0 

60 

ns 

Write to Output in High Z 

twHZ 

0 


0 


0 


ns 

Data to Write Time Overlap 

tow 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

t0H 

5 

- 

10 

- 

10 

- 

ns 

Output Active from End of Write 

tow 

5 

- 

10 

- 

10 

- 

ns 


■CAPACITANCE (/=lMHz, To- 25*C) 


Item 

Symbol 

i Test Conditions 

typ 

max 

Unit 

Input Capacitance 

C,, 

> 

o 

B e 

3 

5 

pF 

Input/Output Capacitance 

Cf/o 

| VLo«0V | 

5 

7 

P F 


Note) This parameter is sampled and not 100% tested. 


■TIMING WAVEFORM 
• READ CYCLE (I)"’ 



• READ CYCLE(2)‘' K!><4> 


Address 


Dout 








~\ 7 ~ 

J.L. 


• READ CYCLE(3) <,HS,<4) 




P t('HZ 

<XX) 

c > 


NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, Vj^. 

3. Address Valid prior to or coincident with CS transition Low. 

4. V, L . 
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HM61 1 6L-2,HM61 1 6L-3.HM61 1 6L-4 


WRITE CYCLE (1) (,) 




NOTES: 1. A write occurs during the overlap (ty/p) of a lowland a low WE. 

2. ty/ R is measured from the earlier of CS~or WE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the OS' low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. (UE= Vji ) 

6. D out is the same phase of write data of this write cycle. 

7. D 0 »t is the read data of next address. 

8. If CS is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116L-2, HM6116L-3, 
HM6116L-4 


2048 - word x 8-bit High Speed Static CMOS RAM 


■ FEATURES 

• Single 5V Supply and High Density 24 Pin Package 

• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

Low Power Standby and Standby: 20juW (typ.) 

• Low Power Operation; Operation: 1 60m W (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 


■ FUNCTIONAL BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

—0.5* to +7.0 

V 

Operating Temperature 

Topr 

0 to +70 

# C 

Storage Temperature 

Tsig 

-65 to +150 

*c 

Temperature Under Bias 

7>... 

-10 to +85 

*c 

Power Dissipation 

Pr 

1.0 

w 


* Pulse Width 50ns : -1.5V 



■ PIN ARRANGEMENT 


M z 

V . J 

Ip Vcc 

a ‘DE 


23 | A* 

*IZ 



a,[T 


2 1 [ WE 

As ( 5 


20 | OE 

A! Cl 


17) A,. 

a, Cl 


IS | cs 

Ao | 8 


17 J I/Ob 

i/oi pr 


~1<T] 1/07 

1/02 pr 


is | i/a 

u 0 3 pr 


14 [ I/Os 

GND pr 


13 | 1/04 


(Top View) 


■ TRUTH TABLE 


CS 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

IsB, IsBl 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (1H3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 
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HM61 1 6CG-2,HM61 1 6CG-3,HM61 1 6CG-4 


■ RECOMMENDED DC OPERATING CONDITIONS (7a = 0 to ±70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V,H 

2.2 

3.5 

6.0 

V 

V,L 

-1.0* 

- 

0.8 

V 


* Pulse Width :50ns, DC: V, L min- -0.3V 


■ DC AND OPERATING CHARACTERISTICS (Vcc~5V ±10%, GND-OV, 7a» 0 to +70°C) 


Item 

Symbol 

Test Conditions 

HM6116L/P-2 

HM6116L/P-3/-4 

Unit 

min 

typ* 

max 

min 

typ* 

max 

Input Leakage Current 

1 Iu 1 

Vcc-5.5V, V..-GND to Vcc 

- 

- 

2 

- 

- 

2 

M 

Output Leakage Current 

1 Ilo 1 

CS-V/h or OE-V/ W , 

Viso “GND to Vcc 

- 

- 

2 

- 

- 

2 

M 

Operating Power Supply 
Current 

Icc 

CS — V/i., Ii/o~‘ 0mA 

- 

35 

70 

- 

30 

60 

mA 

Iccx ** 

V/w — 3.5V, V/l — 0.6V, 

Ii.o mm 0mA 


30 

- 

- 

25 

- 

mA 

Average Operating Current 

Icc 2 

min. cycle, duty “100% 

- 

35 

70 

- 

30 

60 

mA 

Standby Power Supply 
Current 

I SB 

CS ~V,h 

- 

4 

12 

- 

4 

12 

mA 

I SB 1 

CSZVcc -0.2V, V.n^Vcc - 
0.2V or V„^0.2V 

- 

4 

100 

- 

4 

100 

M 


VOL 

/oi ” 4mA 

- 

- 

0.4 

. i 

- 


- 

\T 

Output Voltage 

/ol“ 2 . 1mA 

- 

- 


- 


0.4 

V 


VOH 

/oh “ — 1 .0mA 

2.4 

- 

- 

2.4 

- 

- 

V 


* : Kcc— 5V, Ta—25'C 
* * I Reference Only 


■ AC CHARACTERISTICS (V cc = 5V ±10%, Ta= 0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C/_ - lOOpF (including scope and jig) 

• READ CYCLE 


Item 

Symbol 

HM6116L-2 

HM61T6L-3 

HM6116L-4 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

t AA 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tCLZ 

10 

- 

15 

- 

15 

- 

ns 

Output Enable to Output Valid 

t OE 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in’ Low Z 

tOLZ 

10 

- 

15 

- 

15 

- 

ns 

Chip deselection to Output in High Z 

tcHZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t OH 

10 

- 

15 

- 

15 

- 

ns 
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HM61 1 6L-2,HM61 1 6L-3,HM61 1 6L-4 


• WRITE CYCLE 


Item 

Symbol 

1 HM6116L-2 

HM6116L-3 

i HM6116L-4 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write* 

t AW 

105 

- 

120 

- 

140 

- 

ris 

Address Set Up Time 

tAS 

20 

- 

20 

- 

20 

- 

ns 

Write Pulse Width 

l WP 

70 

- 

90 

- 

120 

- 

ns 

Write Recovery Time 

t WR 

5 

- 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

t OHZ 

0 

40 

0 

50 

0 

60 

ns 

Write to Output in High Z 

twHZ 

0 

50 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

t DW 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

t DH 

5 

- 

10 

- 

10 * 

- 

ns 

Output Active from End of Write 

tow 

5 

- 

10 

- 

10 

- 

ns 


■ CAPACITANCE (/- 1MHz, 7a = 25°C) 


Item 

Symbol 

| Test Conditions 

typ 

max 

Unit 

Input Capacitance 

C,» 

> 

o 

11 

3 

5 

pF 

Input/Output Capacitance 

Ci/o 

V//o=0V 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■ TIMING WAVEFORM 
• Read Cycle (1) 0> 



• Read Cycle (2) 


Address ^ 

— i*t 

( 

( 


p tAA — 



— ton *4 

Dout ^ 


K _X 


• Read Cycle (3) " >,C3>,<4> 


CS 


Dout 




NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE - V IL . 
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HM61 1 6L-2,HM61 1 6L-3,HM61 1 6L-4 


• Write Cycle (1) 


• Write Cycle (2) 



NOTES: 


1. A write occurs during the overlap (twp) of a 

low CS and a low WE. 

2. twR is measured from the earlier of CS or WE 
going high to the end of write cycle. 

3. During this period, I/O pins are in the output 
state so that the input signals of opposite 
phase _to_the outputs must not be applied. 

4. If the CS low transition occurs simultaneously 
with the WE low transitions, or after the WE 


transition, output remain in a high impedance 
state. 

5. OE is continuously low. (OE = K/^) 

6. D out is the same phase of write data of this 
write cycle. 

7. D out is the read data of next address. 

8. If CS is Low during this period, I/O pins are 
in the output state. Then the data input 
signals of opposite phase to the outputs must 
not be applied to them. 


■ LOW Vcc DATA RETENTION CHARACTERISTICS (7a= 0 to +70°C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Vdr 

CS^ Vcc -0.2V, V^Vcc -0.2V or V„^0.2V 

2.0 

- 

- 

V 

Data Retention Current 

IcCDR * 

Vcc-3.0V, CS^2.8V, V„^2.8Vor V„^0.2V 

- 

- 

50 

M 

Chip Deselect to Data Retention Time 

t C D R 

See Retention Waveform 

0 

- 

- 

ns 

Operation Recovery Time 

tR 

tRC ** 

- 

- 

ns 


♦ ViL mm —0.3V min. 

* * t«c“ Read Cycle Time. 


• Low Vcc Data Retention Waveform 
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HM61 1 6L-2,HM61 1 6L-3,HM61 1 6L-4 


SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



4.5 4.75 5.0 5.25 5 J5 

Supply Voltage Vcc (V) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



0 20 40 60 80 

Ambient Temperature Ta (’C) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 



4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vec (V) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 



0 20 40 60 80 


Ambient Temperature Ta ( 'C ) 


ACCESS TIME vs. 
LOAD CAPACITANCE 



SUPPLY CURRENT vs. 
FREQUENCY 
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Load Capacitance Cl (pF) 
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Output Current Ioh( Normalized) Low Input Voltage Vil( Normalized) 


HM61 1 6L-2.HM61 1 6L-3,HM61 1 6L-4 


LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 



4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 








/ 




/ 



/ 


7a = 25‘C 

Vcc = 5V 


/ 




/ 




0 0.2 0.4 0.6 0.8 

Output Voltage V'o/. (V) 


STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 


STANDBY CURRENT vs. 
SUPPLY VOLTAGE 
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HM61 1 6L-2.HM61 1 6L-3.HM61 1 6L-4 


STANDBY CURRENT vs. 
INPUT VOLTAGE 
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HM6116LI-2, HM6116LI-3, 

HM6116LI-4 Wide Operating Temperature Range 


2048- word x 8-bit High Speed Static CMOS RAM 


■ FEATURES 

• Wide Operating Temperature Range — 40~+85°C 

• Single 5V Supply and High Density 24 Pin Package 

• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: 20/uW (typ.) 

Low Power Operation; . Operation: 160mW(typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 


■ FUNCTIONAL BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

-0.5* to +7.0 

V 

Operating Temperature 

7V 

— 40 to +85 

*C 

Storage Temperature 

7V 

-65 to +150 

•c 

Power Dissipation 

Pr 

1.0 

w 


* Pulse Width 50ns ! -1.5V 



(DG-241 


I PIN ARRANGEMENT 


Ao 

I/Oi 

I/O* 

I/Os 

GND 


Cl 

KJ 

J4~j VVr 

Cl 


23 | A* 

Cl 


22 | A» 

E 


21 | "we" 

E 


2<> | "oe" 

E 


19 | Ai o 

E 


18 | CS 

E 


17 1 1/ ()* 

E 


16 | I/O? 

E 


15 | I/Ob 

E 


14 | I/Os 

'E 


13 1 1/0« 


(Top View' 
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HM6116LI-2, HM6116LI-3, HM6116LI-4 
■ TRUTH TABLE 


cs 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

I SB, I SB 1 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (1)H3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 


■ RECOMMENDED DC OPERATING CONDITIONS (To- -40 to + 85‘C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V,H 

2.2 

3.5 

6.0 

V 

V I L 

-1.0* 

- 

0.8 

V 


* Pulse Width : 50ns, DC : V,l min - -0.3V 


■ DC AND OPERATING CHARACTERISTICS (Vcc-5V ±10%, GND-OV, To--40 to +85’C) 


Item 

Symbol 

Test Conditions 

min 

typ* 

max 

Unit 

Input Leakage Current 

1 I LI 1 

Vcc = 5.5V, V,„ = GND to Vcc 

- 


2 

M 

Output Leakage Current 

1 Ilo 1 

CS -Yin or OE = Vih, 

Vi ,o = GND to Vcc 

- 

- 

2 

M 

Operating Power Supply 
Current 

Icc 

CS = V//., 7/xo = 0mA 

- 

35 

90 

mA 

Icc 1 ** 

Vih =3.5V, V/l = 0.6V, 

/i/o = 0mA 

- 

30 i 

- 

mA 

Average Operating Current 

Icc 2 

min. cycle, duty = 100% 

- 

35 

90 

mA 

Standby Power Supply 
Current 

I SB 

cs = v,„ 

- 

4 

20 

mA 

I SB 1 

CS^Vcc -0.2V, 

V.n^Vcc - 0.2V or V.»^0.2V 

~ 

4 

200 

M 

Output Voltage 

VOL 

Iol = 2. 1mA 

- 

- 

0.4 

V 

VoH 

I oh = — 1 .OmA 

2.4 

- 

- 

V 


* ! Vcc“5V, Ta— 25*C ** Reference Onlyl, 


■ AC CHARACTERISTICS (Vcc = 5V ±10%, To- -40 to +85°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and = lOOpF (including scope and jig) 


•READ CYCLE 


Item 

Symbol 

, HM6116LI-2 

HM6116LI-3 

HM6116LI-4 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

t A A 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tcLZ 

10 


10 

- 

10 

— 

ns 

Output Enable to Output Valid 

lOE 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

t OLZ 

10 

- 

10 

- 

10 

- 

ns 

Chip deselection to Output in High Z 

t CHZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

t OHZ 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t OH 

10 

- 

10 

.. - - | 

10 

- 

ns 
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HM6116LI-2, HM61 16LI-3, HM6116LI-4 


• WRITE CYCLE 


Item 

Symbol 

HM6116L1 -2 

HM6116LI-3 

HM6116LI 4 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

t WC 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

tAW 

105 

- 

120 

- 

140 

- 

ns 

Address Set Up Time 

tAS 

20 

- 

20 

- 

20 

- 

ns 

Write Pulse Width 

twp 

70 

- 

90 

- 

120 

- 

ns 

Write Recovery Time 

t WR 

5 

- 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

t OH/. 

0 

40 

0 

50 

0 

60 

ns 

Write to Output in High Z 

t WH/ 

0 

50 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

t DW 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

l OH 

5 

- 

10 

- 

10 

- 

ns 

Output Active from End of Write 

t OW 

5 



z j 

10 


io 

- 

ns 


■ CAPACITANCE (/-1MHz, Ta- 25'C) 


Item 

Symbol 

j Test Conditions 

typ 

max 

Unit 

Input Capacitance 

C„ 

> 

o 

« 

3 

5 

pF 

Input/Output Capacitance 

Cl/O 

> 

o 

£ 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■ TIMING WAVEFORM 


• Read Cycle (1) 


• Read Cycle (2) 



Address 

— IRC — 

( > 

K= 


tAA — 

- t()R ■ ■ 



|— t()H -j 


Dout 


< . i 

C 



NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj i : 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE=F /l . 
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NOTES: 1. A write occurs during the overlap (%/>) of a transition, output remain in a high impedance 

low CS and a low WE. state. 

2. tjyR is measured from the earlier of CS or WE 5. OE is continuously low. (OE = Vjj ) 

going high to the end of write cycle. 6. D out is the same phase of write data of this 

3. During this period, I/O pins are in the output write cycle. 

state so that the input signals of opposite 7. D out is the read data of next address, 
phase jto_the outputs must not be applied. 8. If is Low during this period, I/O pins are 

4. If the CS low transition occurs simultaneously in the output state. Then the data input 

•with the WE low transitions or after the WE signals of opposite phase to the outputs must 

not be applied to them. 

■ LOW Vcc DATA RETENTION CHARACTERISTICS (7a=- 40 to +85°C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Vdr 

CS^Vcc -0.2V, V.n^Vcc -0.2V or V„^0.2V 

2.0 

- 

- 

V 

Data Retention Current 

I CC DR* 

Vcc=3.0V, CS^2.8V, 

V„^2.8Vor — 0.3V^V,„^0.2V i 

- 

- 

100 

M 

Chip Deselect to Data Retention Time 

tCDR 


0 

- 

- 

ns 

Operation Recovery Time 

tR 

See Retention Waveform 

* 

t RC ** 

- 

- 

ns 


* Vil —— 0.3V min. ** f*c”=Read Cycle Time. 

• Low Vcc Data Retention Waveform 
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HM6116LP-2, HM6116LP-3, 
HM6116LP-4 


2048- word x 8-bit High Speed Static CMOS RAM 


■ FEATURES 

• Single 5V Supply and High Density 24 Pin Package 

• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: IOjliW (typ.) 

Low Power Operation; Operation: 160mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

■ FUNCTIONAL BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vr 

-0.5* to +7.0 

V 

Operating Temperature 

Topr 

0 to +70 

*C 

Storage Temperature 

Tst, 

-55 to +125 

# C 

Temperature Under Bias 


-10 to +85 

*c 

Power Dissipation 

Pr 

1.0 

w 


* Pulse Width 50ns : —1.5V 



■ PIN ARRANGEMENT 


a ’QI 

— KJ 

~24~] Vcc 

As 1 2 


23 | A* 

As f 3 


22 | M 

A4 [I 


21 \ "WE 

a 3 [IT 


20 | "OE 



19 1 A10 

Ai | 7 


18 | CS 

A ° 1 8 


17 | I/Ob 

i/o, f~r 


16 | I/O7 

1/02 Q7 


15 | I/Os 

1/03 1 11 


14 |l/0s 

gnd[~TT 


13 | I/O4 


(Top View) 


■ TRUTH TABLE 


CS 

OE 

WE 

Mode 

Vcc Current 

I/O Pin ! 

Ref. Cycle 

H 

X 

X 

Not Selected 

I SB, I SB \ 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (1)~(3) 

L 

H 

L 

Write 

lee 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 
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HM61 1 6LP-2.HM61 1 6LP-3.HM61 1 6LP-4 

■ RECOMMENDED DC OPERATING CONDITIONS (To- 0 to +70’C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V,H 

2.2 

3.5 

6.0 

V 

VlL 

-1.0* 

- 

0.8 

V 


* Pulse Width :50ns. DC : Pit min--0.3V 


■ DC AND OPERATING CHARACTERISTICS (Vcc-5V ±10%, GND-OV, Ta-0 to +70'C) 


Item 

Symbol 

Test Conditions 

HM6116LP-2 

HM6116LP-3/-4 

Unit 

min 

typ* 

max 

min 

typ* 

max 

Input Leakage Current 

1 Iu\ 

Vcc - 5.5V, V. r = GND to Vcc 

- 

- 

2 

- 

- 

2 

M 

Output Leakage Current 

1 Ilo 1 

CS-V lH or OE»V,«, 

V/o = GND to Vcc 

- 

- 

2 

- 

- 

2 

ma 

Operating Power Supply 
Current 

7c c 

CS = Viz., h o- 0mA 

- 

35 

70 

- 

30 

60 

mA 

7cci** 

V,H- 3.5V, Vn.-0.6V, 

Ii o — 0mA 


30 

- 

- 

25 

- 

mA 

Average Operating Current 

Icc 2 

min. cycle, duty = 100% 

- 

35 

70 

- 

30 

60 

mA 

Standby Power Supply 
Current 

I SB 

CS-V'H 

- 

4 

12 

- 

4 

12 

mA 

I SB 1 

CS ^ Vcc -0.2V, V.n^Vcc - 
0.2V or V.n ^0.2V 


2 

50 

- 

2 

50 

ma 


VOL 

7cn. = 4mA 

- 

- 

0.4 

- 


- 

\t 

Output Voltage 

lot — 2.1mA 

- 

- 

- 

- ! 

- 

0.4 

V 


V OH 

Ioh = — 1 .0mA 

2.4 

- 

- 

2.4 


- 

V 


* : Pn -5V. Tn- 25’C 
* * : Reference Only 


■ AC CHARACTERISTICS (Vcc = 5V ±10%, 7a= 0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C ^ ~ 100pF (including scope and jig) 


• READ CYCLE 


Item 

Symbol 

HM6116LP-2 

HM6116LP-3 | 

HM6116LP-4 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

t A A 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tCLZ 

10 

- 

15 

- 

15 

- 

ns 

Output Enable to Output Valid 

toE 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

toi.2 

10 

- 

15 

- 

15 

- 

ns 

Chip Deselection to Output in High Z 

t CHZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

40 

U 

50 

0 

60 

ris 

Output Hold from Address Change 

t OH 

10 

- 

15 

- 

15 

- 

ns 


132 


0 HITACHI 



HM61 1 6LP-2.HM61 1 6LP-3,HM61 1 6LP-4 


• WRITE CYCLE 


Item 

Symbol 

HM6116LP-2 

HM6116LP-3 

| HM6116LP-4 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

t WC 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

t AW 

105 

- 

120 

- 

140 

- 

ns 

Address Set Up Time 

tAS 

20 

- 

20 

- 

20 

- 

ns 

Write Pulse Width 

t wp 

70 

- 

90 

- 

120 

- 

ns 

Write Recovery Time 

tWR 

5 

„ - 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

t OHZ 

0 

40 

0 

50 

0 

60 

ns 

Write to Output in High Z 

t WHZ 

0 

50 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

tow 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

t DH 

5 

- 

10 

- 

10 

- 

ns 

Output Active from End of Write 

t OW 

5 

- 

10 

- 

10 

- 

ns 


■ CAPACITANCE (/- 1MHz, 7a- 25°C ) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

C.n 

V t „ = 0V 

3 

5 

PF 

Input/Output Capacitance 

C, O 

> 

o 

II 

£ 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■ TIMING WAVEFORM 
• Read Cycle (1) (l> 


Add res s ^ 

tm - ~ 

( ; 

X 


k ltA h 

X 


- wwww 

; 7 zzzz; 

tot — 





~1 

I 

// 


2Z 


/«< s 






l)ou * 


bo 

K > 

ba 


• Read Cycle (2) 


) 

— tRl — 

( “3 

( 


L t()H H 



[— t()H — 1 

L 

> 


< 

t 


• Read Cycle (3) <,>,<:n ’ (4> 




Dout 




NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj^. 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE = V IL . 
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NOTES: 1. A write occurs during the overlap ( t^p ) of a transition, output remain in a high impedance 

low CS and a low WE. state. 

2. t wr is measured from the earlier of CS or WE 5. OE is continuously low. (OE = Vji) 

going high to the end of write Cycle. 6. Dput * s t ^ e same phase of write data of this 

3.. During this period, I/O pins are in the output write cycle. 

state so that the input signals of opposite 7. D out is the read data of next address, 

phase to_ the outputs must not be applied. 8. If CS is Low during this period, I/O pins are 

4. If the CS low transition occurs simultaneo usly in the output state. Then the data input 

with the WE low transitions or after the WE signals of opposite phase to the outputs must 

not be applied to them. 

■ LOW Vcc DATA RETENTION CHARACTERISTICS (7a = 0 to +70°C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Vdr 

CS ZVcc -0.2V, V„2Vcc -0.2V or V„£0.2V 

2.0 

- 

- 

V 

Data Retention Current 

ICCDR * 

Vcc -3.0V, CS£2.8V, V.,^2.8Vor V..^0.2V 

- 

- 

30 

M 

Chip Deselect to Data Retention Time 

tcDR 


0 

- 

- 

ns 

Operation Recovery Time 

tk 

See Retention Waveform 

tRC ** 

- 

- 

ns 


* 10M max at Ta—OXi to +40t5, Vn. min—- 0.3V 

* * Ir< - Read Cycle Time. 

• Low Vcc Data Retention Waveform 



ov 
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SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



Supply Voltage Vcc (V) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 



Supply Voltage Vcc (V) 


ACCESS TIME vs. 
LOAD CAPACITANCE 



Load Capacitance Cl (pF) 


HM61 1 6LP-2,HM61 1 6LP-3.HM61 1 6LP-4 

SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE 



ACCESS TIME vs. 
AMBIENT TEMPERATURE 



SUPPLY CURRENT vs. 
FREQUENCY 



Frequency / ( MHz) 
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Standby Current Isbi (A) Output Current /oh ( Normalized) Low Input Voltage Vil{ Normalized) 


HM61 1 6LP-2.HM61 1 6LP-3,HM61 1 6LP-4 


LOW INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 





Ta*25*C 









_ 

— 













4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


HIGH INPUT VOLTAGE vs. 
SUPPLY VOLTAGE 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 
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Standby Cu 


HM61 1 6LP-2,HM61 1 6LP-3,HM61 1 6LP-4 


STANDBY CURRENT vs. 
INPUT VOLTAGE 



Input Voltage V„ (V) 
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HM6116LPI-2, HM6116LPI-3, 

HM6116LPI-4 Wide Operating Temperature Range 


2048- word x 8-bit High Speed Static CMOS RAM 


■ FEATURES 

• Wide Operating Temperature Range . . .• — 40~+85 C 

• Single 5V Supply and High Density 24 Pin Package 

• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: 10juW (typ.) 

Low Power Operation; Operation: 160mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

■ FUNCTIONAL BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

-0.5* to +7.0 

V 

Operating Temperature 

Ur 

-40 to +85 

*c 

Storage Temperature 

u. 

-55 to +125 

•C 

Power Dissipation 

Pt 

1.0 

w 


* Pulse Width 50ns : —1.5V 



■ PIN ARRANGEMENT 


"d 

KJ 

jTJ Vcc 



~~23~| A» 



jl\ a* 

A <(ju 


~TT\ "WE 

Mb 



^ Dp 






















(Top View) 
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HM61 1 6LPI-2.HM61 1 6LPI-3,HM61 1 6LPI-4 


■ TRUTH TABLE 


cs 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

7 SB, I SB 1 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (1)~(3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 


■ RECOMMENDED DC OPERATING CONDITIONS (7a- -40 to ±85°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V,H 

2.2 

3.5 

6.0 

V 

V,L 

-1.0* 

- 

0.8 

V 


* Pulse Width :50ns, DC: V, L min- -0.3V 


■ DC AND OPERATING CHARACTERISTICS (Vcc- 5V ±10%, GND = 0V, 7a = -40 to ±85°C) 


Item 

Symbol 

Test Conditions 

min 

typ* 

max 

Unit 

Input Leakage Current 

1 lu 1 

Vcc = 5.5V, V,n = GND to Vcc 

- 

- 

2 

M 

Output Leakage Current 

1 I LO 1 

CS-V'H or OE -V,«, V/,o =GND to Vcc 

- 

- 

2 

M 

Operating Power Supply 

Icc 

CS = Vil, 7//o = 0mA 

- 

35 

90 

mA 

Current 

Icc 1 ** 

V/« = 3.5V, V, L - 0.6V, 7//o = 0mA 

- 

30 : 

- 

mA 

Average Operating Current 

Icc 2 

min. cycle, duty = 100% 

- 

35 

90 

mA 

Standby Power Supply 

I SB 

CS = Vih 

- 

4 

20 

mA 

Current 

I SB 1 

CS^Vcc -0.2V, V.n^Vcc- 0.2V or V,„^0.2V 

- 

2 

100 

M 

Output Voltage 

VoL 

7ot = 2.1mA 

- 

- 

0.4 

V 

V OH 

7oh = — 1.0mA 

2.4 

- 

- 

V 


* : Vie — 5V, 7a-25*C 
* * i Reference Only 


■ AC CHARACTERISTICS (Vcc = 5V ±10%, 7a — 40 to ±85’C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and = lOOpF (including scope and jig) 

• READ CYCLE 


Item 

Symbol 

| HM6116LPI-2 

HM6116LPI -3 

| HM6116LPI-4 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

t A A 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tCLZ 

10 

- 

10 

- 

10 

- 

ns 

Output Enable to Output Valid 

toE 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

t OLZ 

10 

- 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

t CHZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

t OHZ 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t OH 

10 

- 

10 

- 

10 

- 

ns 
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HM61 1 6LPI-2.HM61 1 6LPI-3.HM61 1 6LPI-4 


• WRITE CYCLE 


Item 

Symbol 

HM6116LPI-2 

HM6116LPI-3 

HM6116LPI-4 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

120 

- 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

tAW 

105 

- 

120 

- 

140 

- 

ns 

Address Set Up Time 

Ias 

20 

- 

20 

- 

20 

- 

ns 

Write Pulse Width 

twp 

70 


90 

- 

120 

- 

ns 

Write Recovery Time 

twR 

5 

- 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

tOHZ 

0 

40 

0 

50 

0 

60 

ns 

Write to Output in High Z 

IWHZ 

0 

50 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

tow 

35 

- 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

l DH 

5 

- 

10 

_ 

10 

- 

ns 

Output Active from End of Write 

tow 

5 

- 

10 

- 

10 

- 

ns 


■ CAPACITANCE (/=lMHz, Ta- 25 'C) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

C,n 

V„,-0V 

3 

5 

pF 

Input /Output Capacitance 

C„0 

Vt,o — OV 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■ TIMING WAVEFORM 
• Read Cycle (1) 0> 


Address 

/*, 

( 

X 


l"' ' tAA ■■ - -i 

f 


- WXYW 







l* — ton — •* 


° XY 



/«!/ — 

12 

'lit 

tOHZ- 

zz 

— i 

Dout 

t(U ”AA 

r~* unz—\ 

r 3 

Wr 

vv 


• Read Cycle (2) 


Z3 

lac 

( 

u A H 

j 

1 

( 


1 - tOH •■] 

_J 

SEE) 

i 

L 


• Read Cycle (3) 




NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS = Vj i. 

3. Address Valid prior to or coincident with CS transition Low. 

4. OE= Vji. 
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NOTES: 1. A write occurs during the overlap (t^p) of a transition, output remain in a high impedance 

low CS and a low WE. ___ state. _ 

2. twp is measured from the earlier of CS or WE 5. OE is continuously low. (OE = V n) 

going high to the end of write cycle. 6. Dq Ut is the same phase of write data of this 

3. During this period, I/O pins are in the output write cycle. 

state so that the input signals of opposite 7. D 0 ut is the read data of next address, 

phase to^ the outputs must not be applied. 8. If OS is Low during this period, I/O pins are 

4. If the CS low transition occurs simultaneo usly in the output state. Then the data input 

with the WE low transitions or after the WE signals of opposite phase to the outputs must 

not be applied to them. 

■ LOW Vcc DATA RETENTION CHARACTERISTICS (Ta= -40 to +85 # C) 


Item 

Symbol 

1 

Test Conditions 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Vdr 

CS^Vcc -0.2V, V^Vcc -0.2V or V„^0.2V 

2.0 

_ 

— 

V 

Data Retention Current 

IcCDR * 

Vcc = 3.0V, CS^2.8V, 

V,.^2.8V or-0.3V^ V„^0.2V 

- 

- 

50 

M 

Chip Deselect to Data Retention Time 

tcDR 


0 

- 

- 

ns 

Operation Recovery Time 

tR 

See Retention Waveform 

tRC ** 

- 

- 

ns 


* 10 M max at To™ -40T: to 4-40't Vil min = -0.3V 
** /«(• = Read Cycle Time. 

• Low Vcc Data Retention Waveform 
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HM61 16LFP-2, HM61 16LFP-3, 
HM6116LFP-A 


2048- word x 8-bit High Speed Static CMOS RAM 


■FEATURES 

• High Density Small-sized Package 

• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply 

• High Speed: Fast Access Time 120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: lOjuW (typ.) 

Low Power Operation; Operation: 160mW (typ.) 

• Completely Static RAM: No Clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

■FUNCTIONAL BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

— 0.5* to +7.0 

V 

Operating Temperature 

T opr 

0 to +70 

# C 

Storage Temperature 

Totg 

— 55 to +125 

# C 

Temperature Under Bias 

T„,.. 

-10 to +85 

# C 

Power Dissipation 

Pt 

1.0 

W 


* Vin min 1. 5V (Pulse Width £ 50ns) 



■PIN ARRANGEMENT 


a ? [jr 

~ — \J 

24 [ Vcc 

*d 


23 | A* 

As [IT 



* *IZ 


21 | WE 

*[1 


20 | OE* 

to [T 


IT] Aio 

Ai ["T 


18 | C? 

Ao [T 


17 | I/Ob 

i/oi [T 


16 | I/O 

voi 


15 | I/O 

i/Oi QT 


14 ) I/Os 

gnd QT 


jD I/0< 


(Top View) 
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HM61 1 6LFP-2.HM61 1 6LFP-3.HM61 1 6LFP-4 


■TRUTH TABLE 


C5 

OE 

We 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

IsB , IsB 1 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (D— -(3) 

L 

H 

L 

Write 

Ire 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 


■RECOMMENDED DC OPERATING CONDITIONS (To- 0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

.Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

VlH 

2.2 

3.5 

6.0 

V 

V,L 

-1.0* 

- 

0.8 

V 


* Pulse Width I 50ns, DC I V il min— -0.3V. 


■DC AND OPERATING CHARACTERISTICS (V r cc-5V±10%, GND-OV, To-0 to +70"C) 


Item 

Symbol 

Test Conditions 

HM6116LFP-2 | 

| HM6116LFP-3/-4 

Unit 

min 

typ* 

max 

min 

typ* 

max 

Input Leakage Current 

1 Iu | 

Vcc- 5.5V, V..-GND to Vcc 

- 

- 

2 

- 

- 

2 

M 

Output Leakage Currnnt 

1 ho | 

CS=V,« or OE=V/h, 

V, o = GND to Vcc 

- 

- 

2 

- 

- 

2 

M 

Operating Power Supply 

Current 

Icc 

CS=V//„ I, « = 0mA 

- 

35 

70 

- 

30 

60 

mA 

Icc 1 * * 

V/// = 3.5V, Vic -0.6V, 

7/ o = 0niA 

- 

30 

- 

- 

25 

- 

mA 

Average Operating Current 

IcC2 

Min cycle, duty =100% 

- 

35 

70 

- 

30 

60 

mA 

Standby Power Supply 

Current 

I SB 

CS =V, H 

- 

4 

12 

- 

4 

12 

mA 

IsB 1 

CS^Vcc -0.2V, V.nZVcC 

-0.2V or V,„^0.2V 

- 

2 

50 

- 

2 

50 

M 


T / 

7o/. = 4mA 

- 

- 

0.4 

- 

- 

- 

\r 

Output Voltage 

VOL 

7oL = 2.1mA 

- 

- 

- 

- 

- 

0.4 

V 


Von 

Ion — — 1 .0mA 

2.4 

- 

- 

2.4 

- 

- 

V 


* : lVc-5V. Ta-25'C 
# * Reference Only 


■AC CHARACTERISTICS (Vcc-5V±10%, Ta= 0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cj^ = lOOpF (including scope and jig) 


• READ CYCLE 


Item 

Symbol 

HM6116LFP-2 | 

HM6116LFP-3 | 

HM6116LFP-4 


min 

max 

min 

max 

min 

max 


Read Cycle Time 

tRC 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

t A A 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tCLZ 

10 

- 

15 

- 

15 

- 

ns 

Output Enable to Output Valid 

tOE 

- 

80 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

tCLZ 

10 

- 

15 

- 

15 

- 

ns 

Chip deselection to Output in High Z 

t C HZ 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t OH 

10 

- 

15 

- 

15 

- 

ns 
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HM61 1 6LFP-2.HM61 1 6LFP-3.HM61 1 6LFP-4 


• WRITE CYCLE 


Item 

Symbol 

HM6116LFP-2 

HM6116LFP-3 

HM6116LFP-4 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

!20 

_ 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

70 

- 

90 

- 


- 

ns 

Address Valid to End of Write 

tAW 

105 

- 


- 


- 

ns 


tAS 


- 

20 

- 

20 

- 

ns 


twp 


- 

90 

- 


- 

ns 

Write Recovery Time 

twR 

5 

- 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

tOHZ 

0 

40 

0 


0 


ns 

Write to Output in High Z 



50 

0 


0 


ns 

Data to Write Time Overlap 

low 

35 

- 

40 

- 


- 

ns 

Data Hold from Write Time 

t DH 

5 

- 

10 

- 

10 

- 

ns 

Output Active from End of Write 

tow 

5 

~ 

10 

- 

10 

- 

ns 


■CAPACITANCE (/-1MHz, Ta- 25"C) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

Cin 

Wn = 0V 

3 

5 

pF 

Input/Output Capacitance 

Cl O 

> 

o 

o 

£ 

5 

7 

pF 


Note) This parameter is sampled and not 10096 tested. 


■TIMING WAVEFORM 
• READ CYCLE (1) n 




— tKC — 

C > 

( 


" — tAA 

t- ton —1 



[— tOH -j 


> 

sod 


i 


• READ CYCLE (2) c,)(a)(4) 



NOTES: 1. WE is High for Read Cycle ____ 

2. Device is continuously selected, CS = Vjl 

3. Address Valid prior to or coincident with CS 
transition Low. 

4. OE = V ji. 
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HM61 1 6LFP-2, HM61 1 6LFP-3, HM61 1 6LFP-4 



NOTES: 1. A write occurs during the overlap (fpyp) of a state. 

low CS and a low WE. 5. OE is continuously low. (OE = Vji) 

2. twp is measured from the earlier of CS or WE 6. D out is the same phase of write data of this 

going high to the end of write cycle. write cycle. 

3. During this period, I/O pins are in the output 7. D 0 ut is the read data of next address. 

state so that the input signals of opposite 8. If CS is Low during this period, I/O pins are 
phase teethe outputs must not be applied. in the output state. Then the data input 

4. If the CS low transition occurs simultaneously signals of opposite phase to the outputs must 

with the WE low transitions or after the WE not be applied to them. 

transition, output remain in a high impedance 


■LOW Vcc DATA RETENTION CHARACTERISTICS (Ta- 0 to +70°C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Vdr 

CS^ Vcc — 0.2V 

V'n^Vcc- 0.2V or V IN ^0.2V 

2.0 

- 

- 

V 

Data Retention Current 

IcCDR* 

Vcc = 3.0 V, CS^2.8V 

V,*^2.8V or V/\^0.2V 

- 

- 

30 

M 

Chip Deselect to Data Retention Time 

tcDR 


0 

- 

- 

ns 

Operation Recovery Time 

tR 

See Retention Waveform 

**tRC 

- 

- 

ns 


* Vil min 0.3V, 10M max (at Ta— 0 to +40t:) 

* * f« c — Read Cycle Time. 


• Low Vcc DATA RETENTION WAVEFORM 
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HM6116K-3, HM6116K-4 


2048-word x 8-bit High Speed Static CMOS RAM 


■ FEATURES 

• Industrial Temperature Range 55 to +125°C 

• Single 5V Supply and High Density 24 Pin Package 

• High speed: Fast Access Time 150ns/200ns (max.) 

• Low Power Standby and Standby: IOO/iW (type.) 

Low Power Operation Operation: 180mW (typ.) 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: AH Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 


■ FUNCTIONAL BLOCK DIAGRAM 





24 j Vcc 
23 | As 
22 | As 
21 | WE 
20 | OE 
19 | Aio 
18 | C? 
17 | l/()s 
16 | I/O; 
15 | 1/ Os 
14 | i/a 
13 | I/0 4 


(Top View) 


■ PIN ARRANGEMENT 

v/ 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

V T 

-0.5* to +7.0 

V 

Operating Temperature 

To P r 

-55 to 4-125 

°C 

Storage Temperature 

T, tg 

—65 to 4-150 

°c 

Power Dissipation 

Pt 

1.0 

w 


* Pulse Width 50ns I —1.5V 


■TRUTH TABLE 


cs 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

Isb , Isbi 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (1 ) — (3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycle (2) 
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HM61 1 6K-3, HM61 1 6K-4 


■ RECOMMENDED DC OPERATING CONDITIONS (7V»- 0 to 4-70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V IH 

2.2 

3.5 

6.0 

V 

VlL 

-1.0* 

- 

0.8 

V 


* Pulse Width : 50ns, DC : V, Lmtn 0.3V 


■ DC AND OPERATING CHARACTERISTICS ( V CC =5V±IQ% > GND = 0V, 7a = - 55~ + 125°C) 


Item 

Symbol 

Test Conditions 

min 

typ* 

max 

Unit 

Input Leakage Current 

1 hi | 

Vcc “5.5V, V„- GND to Vcc 

- 

- 

10 

M 

Output Leakage Current 

1 ho 1 

CS -Vu, or OE — V/tf, 

V//o“GND to Vcc 

- 

- 

10 


Operating Power Supply 

Current 

Ice 

CS — V/L, J//o“ 0mA 

- 

35 

90 

mA 

/cc,** 

V/H— 3.5V, Vzz.-0.6V, 

Ii/o wm OmA 

- 

30 

- 

mA 

Average Operating Current 

Iccz 

Min. cycle, duty — 100% 

- 

35 

90 

mA 

Standby Power Supply 

Current 

I SB 

CS -V,„ 

- 

4 

20 

mA 

I SB 1 

CS^ Vcc- 0.2V, Vn^Vcc 

-0.2V or V,„^0.2V 

- 

0.02 

2 

mA 

Output Voltage 

VoL 

Iol“ 2. 1mA 

- 

- 

0.4 

V 

Vox 

/oh“ — 1 .0mA 

2.4 

- 

- 

V 


* Vcc-5V, To— 25‘C 
* * Reference Only 


■ AC CHARACTERISTICS (F CC =5V±10 % t Ta 55 to +125°C) 

• AC TEST CONDITIONS 
Input Pulse Levels: 0.8 to 2.4V 
Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Ci_ = lOOpF (including scope and jig) 

• READ CYCLE 


Item 

Symbol 

HM6116K-3 

HM6116K-4 

Unit 

min 

max 

min 

max 

Read Cycle Time 

t RC 

150 

- 

200 

- 

ns 

Address Access Time 

t AA 

- 

150 

- 

200 

ns 

Chip Select Access Time 

tACS 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

tcLZ 

10 

- 

10 

- 

ns 

Output Enable to Output Valid 

toE 

- 

100 

- 

120 

ns 

Output Enable to Output in Low Z 

toLZ 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

tcHZ 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

toH 

10 

- 

10 

- 

ns 
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HM61 1 6K-3,HM61 1 6K-4 


• WRITE CYCLE 


Item 

Symbol 

\ HM6116K-3 

HM6116K-4 

Unit 

min 

max 

min 

max 

Write Cycle Time 

twc 

150 

- 

200 

- 

ns 

Chip Selection to End of Write 

tew 

90 

- 

120 

- 

ns 

Address Valid to End of Write 

tAW 

120 

- 

140 

- 

ns 

Address Set Up Time 

tAS 

20 

- 

20 

- 

ns 

Write Pulse Width 

twp 

90 

- 

120 

- 

ns 

Write Recovery Time 

twR 

10 

- 

10 

- 

ns 

Output Disable to Output in High Z 

toHZ 

0 

50 

0 

60 

ns 

Write to Output in High Z 

twHZ 

0 

60 

0 

60 

ns 

Data to Write Time Overlap 

t DW 

40 

- 

60 

- 

ns 

Data Hold from Write Time 

t DH 

10 

- 

10 

- 

ns 

Output Active from End of Write 

tow 

10 

- 

10 

- 

ns 


■ CAPACITANCE (/- 1MHz, Ta= 25°C) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

c,. 

v;„=ov 

3 

5 

pF 

Input/Output Capacitance 

Ct/O 

V //O =0V 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■ TIMING WAVEFORM 
• READ CYCLE (1)‘° 


Address ^ 

( _ : : 

X 


i- t*A H 



• xxwww 

: 7 7777; 

tot 


— tOH—~ 



bq 




b7 


lA( •> 


** 

tOH/.- 


Dout 



bcJ- 


• READ CYCLE(2)‘ ,)a>w 


Address ^ 

— tuc— — 

C~ 

( 


r tAA- 

r- ton — 


1 

p tOH 


Dout ^ 


L_ 2 



• READ CYCLE(3)' ,y '”' 4> 


cs 


Dout 

NOTES: 



/ 



f- tCHZ » 

<xxi 

L_ > 


1. WE is High for Read Cycle. 

2. Device is continuously selected, CS~= Vj L . 

3. Add ress Valid prior to or coincident with CS transition Low. 

4. OE = V IL . 
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HM61 1 6K-3,HM61 1 6K-4 


WRITE CYCLE (1) 




NOTES: 1. A write occurs during the overlap ( tup ) of a lowland a low"WF. 

2. tw R is measured from the earlier of CS'orlVE' going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the CST low transition occurs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. (OF = V n) 

6. ^>out is same phase of write data of this write cycle. 

7. D p yt is the read data of next address. 

8. If US is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116AP- lO, HM6116AP- 12, 
HM6116AP- 15, HM6116AP-20, 
HM6116ASP- lO, HM6116 ASP- 12, 
HM6116ASP- 15, HM6116 ASP-20 


2048-word x 8-bit High Speed Static CMOS RAM 
■ FURTURES 

• High speed: Fast Access Time 100ns/120ns/150ns/200ns (max.) 

• Low Power Standby and Standby: lOOjuW (typ.) 

Low Power Operation Operation: 1 5mW (typ.) (f = 1MHz) 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static RAM: No clock or Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

■FUNCTIONAL BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

-0.5* to +7.0 

V 

Operating Temperature 

T 0 ,r 

0 to +70 

‘C 

Storage Temperature 

■m 

-55 to +125 

*C 

Temperature Under Bias 

r»ni 

-10 to +85 

*C 

Power Dissipation 

Pt 

1.0 

W 


* Pulse Width 50ns ! —1.5V 


HM6116AP Series 



(DP-24) 

HM6116ASP Series 



(DP-24 A) 


■ PIN ARRANGEMENT 

Vice 

At 

At 
WE 

m 

Ait 

£5 

l/Ot 
I/Or 
I/O* 
I/Os 
I/O* 

(Top View) 


A » 

1 

— — w 

24 

At 

2 


23 

At 

3 


22 

A« 

4 


21 

At 

5 


20 

At 

T" 


19 

Ai 

7 



At 

T" 


17 

I/Oi 

9 


16 

I/O* 

El 


m 





I/O* 

El 


D 

CND 

m 


El 






■TRUTH table 


CS 

OE 


Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

Isb , Isa i 

High Z 


L 

L 

H 

Read 

Icc 

Dout 

Read Cycle (l)—(3) 

L 

H 

L 

Write 

Icc 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

Icc 

Din 

Write Cycje (2) 
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HM61 1 6AP-1 0.HM61 1 6AP-1 2.HM61 1 6AP-1 5.HM61 1 6AP-20 

HM61 1 6ASP-1 0.HM61 1 6ASP-1 2.HM61 1 6ASP-1 5.HM61 1 6ASP-20 


■RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70*0 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V,H 

2.2 

3.5 

6.0 

V 

Vu 

-1.0* 

- 

0.8 

V 


* Pulse Width : 50ns. DC : V IL mm- 0.3V 


■DC AND OPERATING CHARACTERISTICS ( V CC = 5V±10%, GND = 0V, Ta ~ 0 to +70C) 


Item 

Symbol 

Test Conditions 

HM6116AP/ ASP-10 

HM61 16AP/ASP-12 

HM61 16AP/ASP-15 

HM61 16 AP/ ASP-20 


min 

typ* 

max 

min 

typ* 

max 

min 

typ* 

max 

min 

typ* 

max 


Input Leakage 
Current 

• 7 L/ 1 

V CC = 5.S\, V in ~ GND 
t° v C c 

- 

- 

2 

- 

- 

2 

- 

- 

2 

- 

- 

2 

nA 

Output Leakage 
Current 

1 l LO 1 

CS^ V IH orOE= V IH 
F //0 =GND to V cc 

- 

- 

2 

- 

- 

2 

- 

- 

2 

- 

- 

2 

HA 

Operating Power 
Supply Current 

! CC 

CS= V IL , 7//o = 0mA 
V in =V IH or Vil 

- 

5 

15 

- 

5 

15 

- 

5 

15 

- 

5 

15 

mA 

J CC1 

Vih-Vcc, v IL =ov, 
cs=v IL , 

I I/O = 0m A, /= 1 MHz 

- 

3 

6 

- 

3 

6 

- 

3 

6 

- 

3 

6 

mA 

Average Operating 
Current 

J CC2 

min. cycle, duty=100% 

- 

40 

70 

- 

35 

60 

- 

25 

45 

- 

20 

35 

mA 

Standby Power 

I SB 

cs= V IH 

- 

1 

4 

- 

1 

4 

- 

I 

4 

- 

1 

4 

mA 

Supply Current 

! SB1 

CS^ v cc -0.2V 

- 

0.02 

2 

- 

0.02 

2 

- 

0.02 

2 

- 

0.02 

2 

mA 

Output Voltage 

VOL 

/oL =4mA 

- 

- 

0.4 

- 

- : 

0.4 

- 

- 

0.4 

- 

- 

0.4 

V 

V OH 

/OH = -l-0mA 

2.4 

- 

- 

2.4 


- 

2.4 

- 

- 

2.4 

- 

- 

V 


* Vcc=5V, r a =25°C 


■AC CHARACTERISTICS (Vfcc- 5V±10%, 7a = 0 to +70 8 C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cf_ = lOOpF (including scope and jig) 


• READ CYCLE 


Item 

Symbol 

HM6116AP / 
ASP- 10 

HM6116AP/ 

ASP-12 

HM6116AP/ 

ASP-15 

HM6116AP/ 

ASP-20 

Unit 

min 

max 

min 

max 

min 

max 

min 

max 

Read Cycle Time 


100 

- 

120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

f AA 

- 

100 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

*ACS 

- 

100 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

f CLZ 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

Output Enable to Output Valid 

t OE 

- 

50 

- 

55 

- 

60 

_ 

70 

ns 

Output Enable to Output in Low Z 

tOLZ 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

t CHZ 

0 

40 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

t OHZ 

0 

40 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

t OH 

10 

- 

10 

- 

15 

- 

20 

- 

ns 
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HM61 1 6AP-1 0,HM61 1 6AP-1 2,HM61 1 6AP-1 5,HM61 1 6AP-20 

HM61 1 6ASP-1 0,HM61 1 6ASP-1 2,HM61 1 6ASP-1 5,HM61 1 6ASP-20 


I WRITE CYCLE 


HM6116AP/ 
ASP- 10 


HM6116AP/ 
ASP- 12 


HM6116AP/ 

ASP-15 


HM6116AP/ 

ASP-20 


Write Cycle Time 

Chip Selection to End of Write 
Address Valid to End of Write 


Address Set Up Time 


Write Pulse Width 


Write Recovery Time 


Output Disable to Output in High Z 


Write to Output in High Z 



Data to Write Time Overlap 

*DW 

30 

Data Hold from Write Time 

l DH 

0 

Output Active from End of Write 

tow 

10 

■CAPACITANCE (/-1MHz, 

Ta — 25'C ) 


Item 

Symbol j 

Test Conditions 

Input Capacitance 

C„ 1 K.-OV 

Input/Output Capacitance Cvo Vm>=“ 0V 


Note) This parameter is sampled and not 100% tested. 

■TIMING WAVEFORM 
• READ CYCLE (I)' 1 ' 



► READ CYCLE (2)°’ 




► READ CYCLE (3) ‘ 




NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, C5 = Vj^. 

3. Add ress Valid prior to or coincident with CS transition Low. 

4. V, L . 
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HM61 1 6AP-1 0,HM61 1 6AP-1 2.HM61 1 6AP-1 5,HM61 1 6AP-20 

HM61 1 6ASP-1 0.HM61 1 6ASP-1 2,HM61 1 6ASP-1 5,HM61 1 6ASP-20 


• WRITE CYCLE(I) 




NOTES: 1. A write occurs during the overlap (twp) of a l owland a low WE. 

2. t WR is measured from the earlier of Cs orWE going high to the end 
of write cycle. 

3. During this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

4. If the C5” low transitio n oc curs simultaneously with the WE low 
transitions or after the WE transition, output remain in a high im- 
pedance state. 

5. OE is continuously low. (UE= Vj L ) 

6. D out is the same phase of write data of this write cycle. 

7. Pont is the read data of next address. 

8. If Co is Low during this period, I/O pins are in the output state. 
Then the data input signals of opposite phase to the outputs must 
not be applied to them. 
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HM6116ALP- lO, HM6116ALP- 12, 
HM6116ALP- 15, HM6116AI-P-20, 
HM6116ALSP- lO, HM6116ALSP- 12, 
HM6116ALSP- 15, HM6116ALSP-20 


2048- word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• High Speed: Fast Access Time 100ns/120ns/1 50ns/2Q0ns (max.) 

• Low Power Standby and Standby: 5juW (typ.) 

Low Power Operation; Operation: lOmW (typ.) (f = 1 MHz) 

• Capability of Battery Back up Operation 

• Single 5V Supply and High Density 24 Pin Package 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Pin Out Compatible with Standard 16K EPROM/MASK ROM 

• Equal Access and Cycle Time 

■ FUNCTIONAL BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

-0.5* to +7.0 

V 

Operating Temperature 

T.„ 

0 to +70 

# C 

Storage Temperature 

T." 

-55 to +125 

*C 

Temperature Under Bias 

7* <•* 

-10 to +85 

*C 

Power Dissipation 

Pt 

1.0 

W 


HM6'1 16 ALP Series 



(DP-24) 

HM6116ALSP Series 



(DP-24 A) 


■ PIN ARRANGEMENT 


At 
At 
As 
At 
As 
At 
Ax 
At 
I/O. 
I/O 7 
I/Os 
CND 



Vcc 

At 

A* 

WE 

<5e 

Aid 

cs 

I/O. 

1/07 

I/Ot 

I/Os 

I/O. 


(Top View) 


* Pulse Width 50ns . -1.5V 


■ TRUTH TABLE 


CS 

OE 

WE 

Mode 

Vcc Current 

I/O Pin 

Ref. Cycle 

H 

X 

X 

Not Selected 

/ $8, I SB 1 

High Z 


L 

L 

H 

Read 

lee 

Dout 

Read Cycle (1M3) 

L 

H 

L 

Write 

lee 

Din 

Write Cycle (1) 

L 

L 

L 

Write 

lee 

Din 

Write Cycle (2) 
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HM61 1 6ALP-1 0.HM61 1 6ALP-1 2,HM61 1 6ALP-1 5,HM61 1 6ALP-20 

HM61 1 6ALSP-1 0,HM61 1 6ALSP-1 2,HM61 1 6ALSP-1 5,HM61 1 6ALSP-20 


■ RECOMMENDED DC OPERATING CONDITIONS (7a- 0 to +70*0 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V,H 

2.2 

3.5 

6.0 

V 

V,L 

-1.0* 

- 

0.8 

V 


* Pulse Width :50ns, DC: Vil min- -0.3V 


■ DC AND OPERATING CHARACTERISTICS (Vcc- 5V ±10%, GND=0V, 7a = 0 to + 70 # C) 


Item 

Symbol 

Test Conditions 

| HM6116ALP/ 

! ALSP-10 | 

1 HM6116ALP/ ! 
| ALSP-12 | 

HM6116ALP/ 

| ALSP-15 

1 HM6116ALP/ i 
1 ALSP-20 | 

Unit 

min 

typ* 

max 

min 

typ* 

max 

min 

typ* 

max 

min 

typ* 

max 

Input Leakage 
Current 

i'«i 

K CC = 5.5V, E, n =GND 
t° Vcc 

- 

- 

2 

- 

- 

2 

- 


2 

- 

- 

2 

mA 

Output Leakage 
Current 

I ! LO 1 

CS= V IH or OE= V IH , 
K //0 =GND to V cc 

- 

- 

2 

- 

- 

2 

- 

- 

2 

- 

- 

2 

M 

Operating Power 
Supply Current 

he 

CS -Vil< h/o = ® m A 
Vin = V, H or Vil 

- 

4 

12 

- 

4 

12 

- 

4 

12 


4 

12 

mA 

hci 

v ih= v cc> Vil- 0V, 

cs= V i L , 

7 //o =0mA,/=lMHz 

- 

2 

5 

- 

2 

5 

- 

2 

5 


2 

5 

mA 

Average Operating 
Current 

he 2 

min. cycle, duty=100% 

- 

35 

60 

- 

30 

50 

- 

20 

40 

- 

15 

30 

mA 

Standby Power 

hB 

CS= Vjh 

- 

0.5 

3 

- 

0.5 

3 

- 

0.5 

3 

- 

0.5 

3 

mA 

Supply Current 

hBj 

CS ^ V cc -0.2V 

- 

1 

50 

- 

1 

50 

- 

1 

50 

1 

1 

50 

mA 

Output Voltage 

V OL 

/ OL =4mA 

- 

- 

0.4 

- 

- 

0.4 

- 

- 

0.4 


- 

0.4 

V 

VOH 

^OH = ~l-0 mA 

2.4 

- 

- 

2.4 

- 

- 

2.4 

- 

- 

2.4 

- 

- 

V 


* : Kcc=5V, 7 , a =25°C 

■ AC CHARACTERISTICS (Vcc- 5V ±10%, 7a- 0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and C[_ - lOOpF (including scope and jig) 


• READ CYCLE 


Item 

Symbol 

HM6116ALP/ 

ALSP-10 

HM6116ALP/ 

ALSP-12 

HM6116ALP/ 

ALSP-15 

HM6116ALP/ 

ALSP-20 

Unit 

min 

max 

min 

max 

min 

l 

max 

min 

max 

Read Cycle Time 

l RC 

100 


120 

- 

150 

- 

200 

- 

ns 

Address Access Time 

t AA 

- 

100 

- 

120 

- 

150 

- 

200 

ns 

Chip Select Access Time 

*ACS 

- 

100 

- 

120 

- 

150 

- 

200 

ns 

Chip Selection to Output in Low Z 

*CLZ 

10 

_ 

10 

- 

10 

- 

10 

- 

ns 

Output Enable to Output Valid 

tOE 

- 

50 

- 

55 

- 

60 

- 

70 

ns 

Output Enable to Output in Low Z 

t OLZ 

10 

- 

10 

- 

10 

- 

10 

- 

ns 

Chip Deselection to Output in High Z 

hHZ 

0 

40 

0 

40 

0 

50 

0 

60 

ns 

Chip Disable to Output in High Z 

t OHZ 

0 

40 

0 

40 

0 

50 

0 

60 

ns 

Output Hold from Address Change 

*OH 

10 

- 

10 

- 

15 

- 

20 

- 

ns 
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HM61 1 6ALP-1 0,HM61 1 6ALP-1 2,HM©1 1 6ALP-1 5,HM61 1 6ALP-20 

HM61 1 6ALSP-1 0,HM61 1 6ALSP-1 2,HM61 1 6ALSP-1 5,HM61 1 6ALSP-20 

• WRITE CYCLE 


HM6116ALP/ 

ALSP-10 


HM6116ALP/ 

ALSP-12 


HM6116ALP/ 

ALSP-15 


HM6116ALP/ 

ALSP-20 


Write Cycle Time 

Chip Selection to End of Write 


Address Valid to End of Write 


Address Set Up Time 



Data to Write Time Overlap 


Data Hold from Write Time 


Output Active from End of Write 


■ CAPACITANCE (/- 1MHz, Ta = 25°C) 

Item I Symbol f™ 


Input Capacitance | 


Input /Output Capacitance 


Note) This parameter is sampled and not 100% tested. 

■ TIMING WAVEFORM 
• Read Cycle (1) 

m 


Test Conditions 


> 

o 

• 


'/ o -ov I 





NOTES: 1. WE is High for Read Cycle. 

2. Device is continuously selected, CS * Vji : 

3. Address Valid prior to or coincident with CS transition Low. 
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HM61 1 6ALP-1 0,HM61 1 6ALP-1 2,HM61 1 6ALP-1 5,HM61 1 6ALP-20 

HM61 1 6ALSP-1 0,HM61 1 6ALSP-1 2,HM61 1 6ALSP-1 5,HM61 1 6ALSP-20 


• Write Cycle (1) 



• Write Cycle (2) 



NOTES: 1. A write occurs d urin g the overlap (f jy/>) of a transition, output remain in a high impedance 

low CS and a low Wl. state. 

2. twn is measured from the earlier of CS or WE 5. OE is continuously low. (OE = V j^) 

going high to the end of write cycle. 6. D out is the same phase of write data of this 

3. During this period, I/O pins are in the output write cycle. 

state so that the input signals of opposite 7. Dqyt is the read data of next address, 

phase to^ the outputs must not be applied. 8. If CS is Low during this period, I/O pins are 

4. If the CS low transition occurs simultaneo usly in the output state. Then the data input 

with the WE low transitions or after the WE signals of opposite phase to the outputs must 


not be applied to them. 


■ LOW Vcc DATA RETENTION CHARACTERISTICS (7o« 0 to +70 # C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Vdr 

CS^ Vcc -0.2V 

2.0 

- 

- 

V 

Data Retention Current 

I CC OR* 

Vcc=“3.0V, CS^2.8V 

- 

— 

30 

M 

Chip Deselect to Data Retention Time 

tcDR 


0 

- 

- 

ns 

Operation Recovery Time 

t R 

See Retention Waveform 

t RC** 

- 

- 

ns 


* 10M max at Ta=-0X2 to +40£, Vu min — -0.3V 

* * thi =Read Cycle Time. 

• Low Vcc Data Retention Waveform 
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HM61 17P-3, HIVI61 17P-4 


2048- word x 8- bit High Speed Static CMOS RAM 
■FEATURES 

• Single 5V Supply and High Density 24 pin Package. 

• High Speed: Fast Access Time 15Qns/200ns (max.) 

• Low Power Standby and Standby: IOOjuW (typ.) 

Low Power Operation: Operation: 200mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 


■FUNCTIONAL BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit f 

Voltage on Any Pin Relative to GND 

V T 

*-0.5 to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

T op r 

0 to +70 

°C 

Storage Temperature 

T. tt 

-55 to +125 

# c 

Temperature Under Bias 

T„, t , 

-10 to +85 

°c 


* Pulse width 50ns: —1.5V 



A;[T 


24 ] Vcc 

a«|T 


23] At 

as|T 


I 2 ] At 

a«[T 



A3 Gl 


~ 2 o] CEt 

At [7 


13 Al ° 

ai[7 


TsJce, 

a°|7 


13 1/0# 

i/oi[7 


TTJ 1 /O 7 

i/otQo 


Tsji/o* 

i/ojQT 


1 /O 5 

GND[i2 


J 3 ] I/0 4 


(Top View) 


■TRUTH TABLE 


CEl 

ce 2 

WE 

Mode 

Vcc Current 

I/O Pin 

H 

X 

X 

Not Selected 

Jccli 

High Z 

X 

H 

X 

Not Selected 

IcCLZ 

High Z 

L 

L 

H 

Read 

Icc 

Dout 

L 

L 

L 

Write 

lee 

Din 
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HM61 1 7P-3.HM61 1 7P-4 


■RECOMMENDED DC OPERATING CONDITIONS (0°CsiTasZ70°C) 


Item 


min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High (logic 1) Voltage 

V,„ 

2.2 

3.5 

6.0 

V 

Input Low (logic 0) Voltage 

Vn. 

-1.0* 

- 

0.8 

V 


* Pulse width : 50ns, DC ! V -0.3V 


■DC AND OPERATING CHARACTERISTICS (Ta-Ot! to +70t!, Vcc = 5V±10%, GND = 0V) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

\Iu\ 

V,n“GND to Vcc 

- 

- 

10 

M 

Output Leakage Current 

\ho\ 

CEi = V ih or CE 2 *=Vih 

Vi. o=GND to Vcc 

- 

- 

10 

M 

Operating Power Supply 

Current '. DC 

Icc 

CE, =*■ CEz “ Vn., /#,«- 0mA 

- 

40 

80 

mA 

Average Operating Current 

Icc 1 

Min cycle, duty=100% 

CE, — Vu., CE i-V,l 

- 

40 

80 

mA 

Standby Power Supply 

Current (1)1 DC 

Icc LI * 

CE,^ Vcc — 0.2V, 

V/jv^ V cc— 0.2V or V/.v^0.2V 

- 

0.02 

2 

mA 

Standby Power Supply 

Current (2) ! DC 

ICCLZ* 

CE 2 ^Vcc-0.2V 

- 

0.02 

2 

mA 

Output low Voltage 

VOL 

IoL m 2. 1mA 

- 

- 

0.4 

V 

Output High Voltage 

VOH 

/oh* 5 — 1 .0mA 

2.4 

- 

- 

V 


Notes! 1) Typical limits are at Pet-— 5,0V, Ta--f25*C 
2) * ! V’/i... 0.3V 


■CAPACITANCE (Ta-25'C, /-1.0MHz) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

ClN 

V/*-0V 

3 

5 

pF 

Input/ Output Capacitance 

Cl - O 

V, o=0V 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


HAC CHARACTERISTICS (Ta^Ot) to -f 70t), Vcc^SV + lO^ unless otherwise noted) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5 V 

Output Load: 1 TTL Gate and Cl=100pF (including scope and jig) 


• READ CYCLE 


Item 

Symbol 

\ HM6117P-3 

HM6117P-4 

Unit 

min 

max 

| min 

max 


hebhh 

150 

- 


- 

ns 

Address Access Time 

t A A 

- 

150 

- 

200 

ns 

Chip Enable (CE,) to Output 

tcoi 

- 

150 

- 


ns 

Chip Enable (CE*) to Output 

tcoz 

- 

150 

- 

200 

ns 

Chip Enable (CE,) to Output in Low Z 

Ilz\ 

10 

- 

10 

- 

ns 

Chip Enable (CE 2 ) to Output in Low Z 

hzi 

10 

- 

10 

- 

ns 

Chip Disable (CE, ) to Output in High Z 

Ihz i 

0 

70 

0 

80 

ns 

Chip Disable (CE 2 ) to Output in High Z 

t HZi 

0 

70 

0 

80 

ns 

Output Hold from Address Change 

t OH 

15 

- 

15 

- 

ns 
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HM61 1 7P-3,HM61 1 7P-4 

• TIMING WAVEFORM OF READ CYCLE (Notes 1) 



NOTES: 1. WE is High for Read Cycle. 


• WRITE CYCLE 


Item 


1 HM6117P-3 j 


Unit 

min 

max 

min 

max 

Write Cycle Time 

twc 

150 

- 

200 

- 

ns 

Chip Enable (CEi) to End of Write 

tcwi 

100 

- 

120 

- 

ns 

Chip Enable (CE2) to End of Write 

tew 2 

110 

- 


- 

ns 

Address Set Up Time 

tAS 


- 


- 

ns 

Address Valid to End of Write 

t-AW 

! 130 | 

- 


- 

ns 

Write Pulse Width 

twp 


- 


- 

ns 

Write Recovery Time 

twR 

1 15 I 

- 

15 

- 

ns 

Write to Output in High Z 

t WHZ 



0 

70 

ns 

Data to Write Time Overlap 

tow 

50 

- 

60 

- 

ns 

Data Hold from Write Time 

ton 

20 

- 

20 

- 

ns 

Output Active from End of Write 

tow 

10 

- 

10 

- 

ns 


• TIMING WAVEFORM OF WRITE CYCLE 


Address — — ^ 

/ 

iwc 

( ) 

(_ 


*C VI t tWR 

(3) 

* \\W\N 

mk 2 



tewz 

j 


«■ \w 

XXl i 

l 



tAW 



farO) 

w6 

...(2) ) 

/ 

tog, 


- (j) (I) 

n„... \YYYVYY\A\\ U V \ U V V V v\\\N 

lAAAT^ 

ZZZZZ2 

7777777777777777777 

tow 

1 ‘OH , 

VWi. 

1 

(81, , 

A7\/ 

ZJ 

kvww 


• \ A A Data In Val 

AAA 


NOTES: 1 A write occurs during the 
overlap (twp) of low CE, , 
C?E a and WE. 

2. t AS is measured from the 
address changes to the bigin- 
ning of the write. 

3. twn is measured from the 
earlier of CE, , CE., or WE 
going high to the end/of 
write cycle. 


4. During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CE, or CE a low transi- 
tion o ccur s simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
pedance state. 


6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read .data of next 
ad dress. _____ 

8. If CE, and CE 2 are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Ta = 25'C 












1 








! 


4.5 4.75 5.0 5.25 

Supply Voltage Vcc (V) 


ACCESS TIME 

vs. SUPPLY VOLTAGE 





7a = 25*C 






















4.5 4.75 5.0 5.25 

Supply Voltage Vcc (V) 


ACCESS TIME 

vs. LOAD CAPACITANCE 











^ 






Ta = 25*C 

Vcc = MIN 


i 

1 








100 200 300 400 



Load Capacitance Cl (pF) 







Output Current Ioh( Normalized) Low Input Voltage ^(Normalized) 


HM61 1 7P-3,HM61 1 7P-4 


INPUT LOW VOLTAGE 
vs. SUPPLY VOLTAGE 





r a = 25 ‘C 










— 













4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 



OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 



OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 




J 




/ 




/ 



/ 


ro=25*C 
Vcc— 5 V 


/ 




T 




0 4 I I 1 J 1 

0 0.2 0.4 0.6 0.8 

Output Voltage Vol (V) 
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HM61 17FP-3, HM61 17FP-4 


2048- word x8-bit High Speed Static CMOS RAM 


■FEATURES 

• High Density Small Sized Package 

• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply and High Density 24 pin Package. 

• High Speed: Fast Access Time 150ns/200ns (max.) 

• Low Power Standby and Standby: IOOjzW (typ.) 

Low Power Operation: Operation: 200mW (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 


■FUNCTIONAL BLOCK DIAGRAM 




(FP-24) 

■PIN ARRANGEMENT 

At 


24] Vcc 

A«jT 


23] A* 

A* [7 


70 A. 

a«[T 


IT] WE 

Aj Qf 


20 ]CE2 

At [7 


Ti] A.o 

a, [7 


T?] cei 

Ao(T 


77 ] i/o, 

i/o. (7 


Teji/o? 

I/OtfuT 


Ts] i/o« 

i/o,[u 


73 I/0 » 

GNDQ 2 


Ti] 1 /O 4 


(Top View) 


■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

* — 0.5 to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

7\,„ 

0 to +70 

# C 

Storage Temperature 

T., t 

-55 to +125 

# C 

Temperature Under Bias 

n... 

-10 to +85 

*C 


* Pulse width 50ns I —1.5V 


■TRUTH TABLE 


CE. 

CEz 

WE 

Mode 

Vcc Current 

I/O Pin 

H 

X 

X 

Not Selected 

Iccli 

High Z 

X 

H 

X 

Not Selected 

ICCL2 

High Z 

L 

L 

H 

Read 

Icc 

Dout 

L 

L 

L 

Write 

Icc 

Din 
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HM61 1 7FP-3.HM61 1 7FP-4 


■RECOMMENDED DC OPERATING CONDITIONS (0°C&Ta£70‘C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High (logic 1) Voltage 

V,H 

2.2 

3.5 

6.0 

V 

Input low (logic 0) Voltage 

V,L 

-1.0* 

- 

0.8 

V 


* Pulse width : 50ns. DC : W...--0.3V 


■DC AND OPERATING CHARACTERISTICS (To-OC to +70‘C, Vcc = 5V±10%, GND-OV) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

\Iu\ 

V,„=GND to Vcc 

- 

- 

10 

M 

Output Leakage Current 

1 ho | 

CEi“V/h or CE 2 - V, H 

V„o«GND to Vcc 

- 

- 

10 

M 

Operating Power Supply 

Current ! DC 

Icc 

CEi = CEa = V/t, I, o = 0mA 

~ 

40 

80 

mA 

Average Operating Current 

Icc 1 

Min cycle, duty=100% 

CEi = Wt, CE 2 = V, L 

- 

40 

80 

mA 

Standby Power Supply 

Current (1)1 DC 

IcCLl* 

CEi ^ Vcc -0.2 V, 

V.N^Vcc- 0.2V or V,.v^0.2V 

- 

0.02 

2 

mA 

Standby Power Supply 

Current (2) I DC 

Iccu* 

CEa^ Vcc — 0.2V 

~ 

0.02 

2 

mA 

Output low Voltage 

VOL 

Iol = 2. 1mA 

- 

- 

0.4 

V 

Output High Voltage 

VoH 

I oh — — 1 .0mA 

2.4 

- 

- 

V 


Notes: 1) Typical limits are at Vcc-5.0Y\ ra-+25'C 
2) * : Va...--0.3V 


■CAPACITANCE (7a- 25'C, /-1.0MHz) 


Item 

Symbol 

| Test Conditions 

typ 

max 

Unit 

Input Capacitance 

ClN 

> 

o 

£ 

3 

5 

PF 

Input/ Output Capacitance 

Cl O 

V, o = 0V 

5 

7 

pF 


Note) This parameter is sampled and not 100% tested. 


■AC CHARACTERISTICS (7a = 0 6 C to +70°C, Vcc = 5V±10 % unless otherwise noted) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10 ns 

Input and Output Timing Reference Levels: 1.5V 

Output Load: 1TTL Gate and Cl = lOOpF (including scope and jig) 


• READ CYCLE 


Item 

Symbol 

! HM6117P-3 

| HM6117P-4 

Unit 

min 

max 

min 

max 

Read Cycle Time 

tRC 

150 

- 

200 

- 

ns 

Address Access Time 

t A A 

- 

150 

- 

200 

ns 

Chip Enable (CEi) to Output 

t.CO\ — . 

- . 

150 

- ... 

200 

AS- - 

Chip Enable (CE?) to Output 

fcoa 

- 

150 

- 

200 

ns 

Chip Enable (CEi) to Output in Low Z 

t L21 

10 

- 

10 

- 

ns 

Chip Enable (CEa) to Output in Low Z 

t LZZ 

10 

- 

10 

- 

ns 

Chip Disable (CEi) to Output in High Z 

tHZ 1 

0 

70 

0 

80 

ns 

Chip Disable (CEa) to Output in High Z 

tnzz 

0 

70 

0 

80 

ns 

Output Hold from Address Change 

t OH 

15 

- 

15 

- 

ns 
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HM61 1 7FP-3.HM61 1 7FP-4 


• TIMING WAVEFORM OF READ CYCLE (Notes 1) 



NOTES: 1. WE is High for Read Cycle. 

• WRITE CYCLE 


Item 

Symbol 

HM6117P-3 

HM6117P-4 

Unit 

min 

max 

min 

max 

Write Cycle Time 

twc 

150 

- 

200 

- 

ns 

Chip Enable (CEi) to End of Write 

tcwi 

100 

- 

120 

- 

ns 

Chip Enable (CE?) to End of Write 

tcm 

110 

- 

130 

- 

ns 

Address Set Up Time 

tAS 

20 

- 

20 

- 

ns 

Address Valid to End of Write 

tAW 

130 

- 

150 

- 

ns 

Write Pulse Width 

twp 

100 

- 

120 

- 

ns 

Write Recovery Time 

twR 

15 

- 

15 

- 

ns 

Write to Output in High Z 

tWHZ 

0 

60 

0 

70 

ns 

Data to Write Time Overlap 

tow 

50 

- 

60 

- 

ns 

Data Hold from Write Time 

tDH 

20 

- 

20 

- 

ns 

Output Active from End of Write 

tow 

10 

- 

10 

- 

ns 


• TIMING WAVEFORM OF WRITE CYCLE 


Address V 

/ 

twc 

( _ ; 

C~ 


tcwi . | i HR _ 

(3) 

* 

(5) Z 



tCW3 



* mi 

/ 

l — — 



tAW 



tWPd) 

WE 

, 14.(2) / 


tOH , 


tow (6) (7) 


IAAA7- 

ZZZZZ2 

777777777777777777/ 

. tow 

| tDH . 

vw\ 

1 ".71 

(8) 


ZJ 

/yvvw 

Dm 

\AA Data In Val 

w\AAA 


NOTES: 1. A write occurs durin g th e 
over lap (twp ) of low CE, , 
CE, and WE. 

2. t AS is measured from the add- 
ress changes to the biginning 
of the write. 

3. twR is measu r ed f rom the 
earlier of CE! , CE, or WE 
going high to the end/of 
write cycle. 


4. During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CE^ or CE], low transi- 
tion o ccur s simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 


pedance state. 

6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read .data of next 
ad dress . 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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Access Time tAA,tACs( Normalized) Access Time tA4f ^(Normalized) Supp,y Current IccJcc 2 


HM61 1 7FP-3,HM61 1 7FP-4 

SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



0 20 40 60 

Ambient Temperature Ta (*C) 


ACCESS TIME 

vs. SUPPLY VOLTAGE 


ACCESS TIME 

vs. AMBIENT TEMPERATURE 



4.5 4.75 5.0 5.25 5.5 



Supply Voltage Vcc (V) 


Ambient Temperature Ta (*C) 


ACCESS TIME 

vs. LOAD CAPACITANCE 



SUPPLY CURRENT 
vs. FREQUENCY 


i.3 

_ 1.2 

1 

1 1.1 

£ 

^ 1.0 

t 0-9 

3 

GO 

0.8 

0.7 



200ns 

150ns 

120ns 

































0 2 4 6 8 1 


Frequency / (MHz) 
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Output Current Ioh (Normalized) Low Input Voltage V/t(Normalized) 


HM61 1 7FP-3.HM61 1 7FP-4 


INPUT LOW VOLTAGE 
vs. SUPPLY VOLTAGE 





7o=25*C 









— 

■ ” 












4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


INPUT HIGH VOLTAGE 
vs. SUPPLY VOLTAGE 



OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 





7a=25*C 

V CC = 5V 

\ 





\ 




\ 




\ 








I 2 3 ' 4 5 

Output Voltage Voh (V) 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 
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HM61 17LP-3, HM61 17LP-4 


2048- word x 8-bit High Speed Static CMOS RAM 


■FEATURES 

• Single 5V Supply and High Density 24 Pin Package. 

• High Speed: Fast Access Time 150ns/200ns max. 

• Low Power Standby and Low Power Operation; 

Standby: 10juW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 180mW(typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 


■FUNCTIONAL BLOCK DIAGRAM 




(DP-24) 


■PIN ARRANGEMENT 


ArfT 


ID Vcc 

a «G[ 


2?] A* 

As { 7T 


22| As 

a«(T 


TTJ-we 

A 3 (T 


ToJcE^ 

a 2 (T 


7?] A 10 

a, (7 


3 CE, 

Ao(T 


77] i/°» 

i/o, [7 


77] i/o? 

1 / 02 Q 0 


77] i/os 

i/o 3 [TT] 


I/Os 

gnd[TF 


77]i/o< 


(Top View) 


■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

*—0.5 to -f 7.0 

V 

Operating Temperature 

To P r 

0 to 4-70 

°C 

Storage Temperature 

T„' 

— 55 to 4-125 

•C 

Temperature Under Bias 

r*,.. 

-10 to +85 

°c 

Power Dissipation 

Pt 

1.0 

w 


* Pulse width 50ns: —1.5V 


■TRUTH TABLE 


CE, 

CE 2 

WE 

Mode 

Vcc Current 

I/O Pin 

H 

x — 

.... x ' 

“ Not Selected 

/ecu 

High Z 

X 

H 

X 

Not Selected 

IcCLZ 

High Z 

L 

L 

H 

Read 

Icc 

Dout 

L 

L 

L 

Write 

lee 

Din 
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HM61 1 7LP-3.HM61 1 7LP-4 


■RECOMMENDED DC OPERATING CONDITIONS (To- 0"C to+70‘C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High (logic 1) Voltage 

V,H 

2.2 

3.5 

6.0 

V 

Input low (logic 0) Voltage 

V !L 

-1.0* 

- 

0.8 

V 


» Pulse Width 50ns, DC : Vu... - -0 . 3V. 


■DC AND OPERATING CHARACTERISTICS (Ta-0'C to+70'C, Vcc = 5V±10%, GND-OV) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

\Iu\ 

V/w-GND to Vcc 

- 

— 

2 

M 

Output Leakage Current 

1 ho I 

CEi — Vm or £E 2 -V,« 

V/zo-GND to Vcc 

- 

~ 

2 

M 

Operating Power Supply 

Current .’ DC 

Icc 

CEi — CE 2 — Vil, ///o“ 0mA 

- 

35 

70 

mA 

Average Operating Current 

Icci 

Min cycle, duty— 100% 

CEi-V/t, CE 2 -V,x. 

- 

35 

70 

mA 

Standby Power Supply 

Current (1) I DC 

IcCLl* 

CE.^Vcc~0.2V 

Vin*= Vcc — 0. 2V or V/a^0.2V 

- 

2 

50 

M 

Standby Power Supply 

Current (2) DC 

IcCLZ* 

CE 2 ^Vcc-0.2V 

- 

2 

50 

M 

Output low Voltage 

VOL 

/ox. = 2 . 1mA 

- 

— 

0.4 

V 

Output High Voltage 

VOH 

/ oh = — 1.0mA 

2.4 

- 

- 

V 


Notes! 1) Typical limits are at Vcc — 5.0V, Ta— 4- 25‘C 
2) * ! V, -0.3V 


■CAPACITANCE (Ta- 25°C, /-1.0MHz) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

ClN 

V,/v=0V 

3 

5 

PF 

Input/Output Capacitance 

Cl/O 

V/,o- ov 

5 

7 

pF 


Note !'l ) This parameter is sampled and not 100% tested. 


■AC CHARACTERISTICS (Ta-Q°C to -f70°C, Vcc- 5V±10% unless otherwise noted) 

• AC TEST CONDITIONS 

Input Pulse Levels 

Input Rise and Fall Times * 

Input and Output Timing Reference Levels 
Output Load 

• READ CYCLE 


Item 

Symbol 

HM6117LP-3 j 

I HM6117LP-4 

Unit 

min 

max 

min 

max 

Read Cycle Time 

t RC 

150 

- 

200 

- 

ns 

Address Access Time 

tAA 

- 

150 

- 

200 

ns 

Chip Enable (CEi) to Output 

tcoi 

- 

150 

— 

200 

ns 

Chip Enable (<CE 2 ) to Output 

tcoz 

- 

150 

- 

200 

ns 

Chip Enable (CEi) to Output in Low Z 

tLZl 

10 

- 

10 

- 

ns 

Chip Enable (CE 2 ) to Output in Low Z 

tizz 

10 

- 

10 

- 

ns 

Chip Disable (CEi) to Output in High Z 

tHZl 

0 

70 

0 

80 

ns 

Chip Disable (CE 2 ) to Output in High Z 

tHZZ 

0 

70 

0 

80 

ns 

Output Hold from Address Change 

f 

t0H 

15 

- 

15 

- 

ns 


0.8V to 2.4V 

10ns 

1.5V 

1 TTL Gate and Q_ = 100pF (Including Scope & Jig) 
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HM61 1 7LP-3,HM61 1 7LP-4 


• TIMING WAVEFORM OF READ CYCLE (Notes 1) 



NOTES: 1. WE is High for Read Cycle. 

• WRITE CYCLE 


Item 

Symbol 

\ HM6117LP-3 

HM6117LP-4 | 


min 

max 

min 

max 


Write Cycle Time 

twc 

150 

- 

200 

- 

ns 

Chip Enable (CEi) to End of Write 

tcwi 

100 

- 

120 

- 

ns 

Chip Enable (CE 2 ) to End of Write 

tcwz 

110 

- 

130 

- 

ns 

Address Set Up Time 

tAS 

20 

- 

20 

- 

ns 

Address Valid to End of Write 

tAW 

130 

- 

150 

- 

ns 

Write Pulse Width 

twp 

100 

- 

120 

- 

ns 

Write Recovery Time 

twR 

15 

- 

15 

- 

ns 

Write to Output in High Z 

twHZ 

0 

60 

0 

70 

ns 

Data to Write Time Overlap 

tow 

50 

- 

60 

- 

ns 

Data Hold from Write Time 

Idh 

20 

- 

20 

- 

ns 

Output Active from End of Write 

tow 

10 

- 

10 

- 

ns 


• TIMING WAVEFORM OF WRITE CYCLE 


Address \ 

twc 

( 

c~ 



(3) 

* ^ 

BLj 7— 



tCW2 

! 



1 

/ 



tAW 



r twp( 1 ) 

WE 

tits (2) / 

f 

ton 

r |tn«z(4) 

. tow (6) (7) 



777722 

'//////////UA/2ZLL/ 

, tuw 

r N 

1 tDH . 

zww 

r — m 

A7W WWW 

mn \AA Data In Valid /!W\/VV\ 


NOTES: 1 

2 . 

3. 


A write occurs during the 
overlap (t WP ) of low CE, 
CE 2 and WE. 

ty\s is measured from th 
address changes to the bigin 
ning of the write. 
twR is measured from th 
earlier of CE t , CE 2 or W1 
going high to the end/of 
write cycle. 


4. During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CEj or CE 2 low transi- 
tion o ccurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 
pedance state. 


6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read .data of next 
ad dress. 

8. If CEj and CE 2 are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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HM61 1 7LP-3,HM61 1 7LP-4 


■LOW Vcc DATA RETENTION CHARACTERISTICS (7a~0°Cto +70C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Voj* l 

CEi^ Vcc— 0.2V, 

V lN Z Vcc -0.2V or Vin^O. 2 V 

2.0 

- 

- 

V 

Vcc for Data Retention 

Vdr 2 

CE 2 ^ Vcc- 0.2V 

2.0 

- 

- 

V 

Data Retention Current 

IcCDR 1 

Vcc *“ 3.0V, CET^2.8V, 

V,sH 2.8V or Vn£ 0.2V 

- 

- 

30* 

M 

Data Retention Current 

IcCDRZ 

Vcc”' 3.0V, CE 2 ^Vcc-0.2V 

- 

- 

30* 

mA 

Chip Deselect to Data Retention Time 

tCDR 

See Retention Waveform 

0 

- 

- 

ns 

Operation Recovery Time 

tR 

tRC” 

- 

- 

ns 


* 10^A max at Ta-0‘C to + 40‘C, V, L min- -0.3V 
** t*c“ Read Cycle Time 


• LOW Vcc DATA RETENTION WAVEFORM 



NOTE: 1. "CE; controls^ Address buffer, WE buffer, CE, buffer and D IN 

buffer. If CE 2 controls data retention mode, Vijsj level (address, 
(WE, CE, , Di/o) can be in the high impedance state. I f CE , 
controls data retention mode, Vin level (address, WE, DE 2 , 
Di /0 ) must be V IN £ V CC -0.2V or V IN £ 0.2V. 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 





Ta= 25‘C 


















1 




4-5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



0 20 40 60 80 

Ambient Temparature Ta {‘C ) 
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Low I»p«. Voltage V,t(Nor»lfa,d) Aoceas Time iaa.tacalNormalized) Ac „„ Time 1jVjci(N „ m , ImJ) 


HM6117LP-3, HM6117LP-4 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

0.7 

4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


ACCESS TIME vs. 
SUPPLY VOLTAGE 





7a=25*C 






















ACCESS TIME vs. 
LOAD CAPACITANCE 



INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 





Ta =25*C 






















4.5 4.75 5.0 5.25 5.5 

Supply Voltage Vcc (V) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 



SUPPLY CURRENT vs. 
FREQUENCY 



INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 
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Standby Current Isbi (A) 

tndby Currect lecu (Normalized) Output Current Jo* (Normalized) 


HM61 1 7LP-3.HM61 1 7LP-4 


OUTPUT HIGH CURRENT 
vs. OUTPUT HIGH VOLTAGE 



Output Voltage Voh (V) 


OUTPUT LOW CURRENT 
vs. OUTPUT LOW VOLTAGE 



Output Voltage Vol (V) 


STAND-BY CURRENT vs. STAND-BY CURRENT vs. 

AMBIENT TEMPERATURE SUPPLY VOLTAGE 



STAND-BY CURRENT vs. STAND-BY CURRENT vs. 

INPUT VOLTAGE INPUT VOLTAGE 



Input Voltage Vin (V) 



Input Voltage V„ (V) 
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HM61 17LFP-3, HM61 17LFP-4 


2048- word x 8-bit High Speed Static CMOS RAM 


■FEATURES 

• High Density Small-sized Packaged 

• Projection Area Reduced to One-Thirds of Conventional DIP 

• Thickness Reduced to a Half of Conventional DIP 

• Single 5V Supply 

• High Speed: Fast Access Time 150ns/200ns max. 

• Low Power Standby and Low Power Operation; 

Standby: 10juW (typ.) Two Chip Enable Input for Battery Back up 
Operation: 1 80m W (typ.) 

• Completely Static RAM: No clock nor Timing Strobe Required 

• Directly TTL Compatible: All Input and Output 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

■FUNCTIONAL BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

Vt 

*-0.5 to +7.0 

V 

Operating Temperature 

Topr 

0 to +70 

°C 

Storage Temperature 

T. tl 

-55 to +125 

*C 

Temperature Under Bias 

r»,.. 

-10 to +85 

°C 

Power Dissipation 

Pr 

1.0 

W 


* Pulse width 50ns: —1.5V 



(FP-24) 

■PIN ARRANGEMENT 

a, [7 


24] Vcc 

a* [7 


23| As 

As [7 


22] As 

a«(T 


npTE 

Aj [~5~ 


2o]CEj 

As |T 


17| Aio 

A, [7 



Ao |T 


77| 1 / 0 . 

i/0i[7 


T]i/o, 

I/O* Qo 


Ts] i/o. 

1/03 El 


1/° 5 

gndQI 


T 3 ] I/O. 


(Top View) 


■TRUTH TABLE 


CE! 

CE 2 

WE 

Mode 

Vcc Current 

I/O Pin 

H 

X 

X 

Not Selected 

Iccli 

High Z 

X 

H 

X 

Not Selected 

IcCLZ 

High Z 

L 

L 

H 

Read 

Icc 

Dout 

L 

L 

L 

Write 

Icc 

Din 
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-HM6117LFP-3, HM6117LFP-4 


■RECOMMENDED DC OPERATING CONDITIONS (Ta-O'C to+70tJ) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High (logic 1) Voltage 

V,H 

2.2 

3.5 

6.0 

V 

Input low (logic 0) Voltage 

V lL 

-1.0* 

- 

0.8 

V 


• Pulse Width : 50ns. DC : Pu..- -0.3V. 


■DC AND OPERATING CHARACTERISTICS (To-O'C to +70‘C, Vcc~5V±10%, GND-OV) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

• Input Leakage Current 

l/i/l 

V,*-GND to Vcc 

- 

- 

2 

M 

Output Leakage Current 

1 ho | 

CEi — Vih or CEz -V lH 

Wo—GND to Vcc 

- 

- 

2 

M 

Operating Power Supply 

Current I DC 

Icc 

CEi — CEz — Vil, Ii o™ 0mA 

- 

35 

70 

mA 

Average Operating Current 

Iccx 

Min cycle, duty— 100% 

CEi — V/l, CEz -Vil 

- 

35 

70 

mA 

Standby Power Supply 

Current ( 1 ) .* DC 

ICCLI* 

CEi ^ Vcc— 0.2V 

V/.v^ Vcc— 0.2V or Vts< 0.2V 

- 

2 

50 

M 

Standby Power Supply 

Current (2) I DC 

ICCLZ* 

CEz^ Vcc— 0.2V 

- 

2 

50 

ma 

Output low Voltage 

VOL 

Iol™ 2. 1mA 

- 

- 

0.4 

V 

Output High Voltage 

VOH 

I oh™ — 1 .0mA 

2.4 

- 

- 

V 


Notes: 1) Typical limits are at Vcc—5.0\\ Ta- + 25*C 
2) * : — — 0.3V 


■CAPACITANCE (Ta~25‘C, /= 1.0MHz) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

C/.v 

V/*-0V 

3 

5 

pF 

Input/ Output Capacitance 

Cl - O 

V, o-OV 

5 

7 

PF 


Note! 1) This parameter is sampled and not 100% tested. 


■AC CHARACTERISTICS (7a- 0°C to +70°C, Vcc- 5V±10% unless otherwise noted) 

• AC TEST CONDITIONS 

Input Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference Levels 
Output Load 

•READ CYCLE 


Item 

Symbol 

HM6117LFP-3 j 

HM6117LFP-4 

Unit 

min 

max 

min 

max 

Read Cycle Time 

tRC 

150 

- 

200 

- 

ns 

Address Access Time 

t A A 

- 

150 

- 

200 

ns 

Chip Enable (CEJ to Output 

tcox 

- 

150 

- 

200 

ns 

Chip Enable (CE 2 ) to Output 

tc02 

- 

150 

- 

200 

ns 

Chip Enable (CEi) to Output in Low Z 

tLZ\ 

10 

- 

10 

- 

ns 

Chip Enable (CEz) to Output in Low Z 

tLZ2 

10 

- 

10 

- 

ns 

Chip Disable (CEi) to Output in High Z 

tHZ 1 

0 

70 

0 

80 

ns 

Chip Disable (CEz) to Output in High Z 

tHZ2 

0 

70 

0 

80 

ns 

Output Hold from Address Change 

toH 

15 

- 

15 

- 

ns 


0.8V to 2.4 V 

10ns 

1.5 V 

1 TTL Gate and C l ~ 100pF (Including Scope & Jig) 
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HM6117LFP-3, HM6117LFP-4 


• TIMING WAVEFORM OF READ CYCLE (Notes 1) 



NOTES: 1. WE is High for Read Cycle. 


• WRITE CYCLE 


Item 

Symbol 

HM6117LFP-3 

| HM6117LFP-4 | 

Unit 

min 

max 

min 

max 

Write Cycle Time 

twc 

150 

- 

200 

- 

ns 

Chip Enable (CEi) to End of Write 

tcwi 

100 

- 

120 

- 

ns 

Chip Enable (CEz) to End of Write 

tcwz 

110 

- 

130 

- 

ns 

Address Set Up Time 

tAS 

20 

- 

20 

- 

ns 

Address Valid to End of Write 

tAW 

130 

- 

150 

- 

ns 

Write Pulse Width 

twp 

100 

- 

120 

- 

ns 

Write Recovery Time 

twR 

15 

- 

15 

- 

ns 

Write to Output in High Z 

twHZ 

0 

60 

0 

70 

ns 

Data to Write Time Overlap 

tow 

50 

- 

60 

- 

ns 

Data Hold from W r rite Time 

tDH 

20 

- 

20 

- 

ns 

Output Active from End of Write 

tow 

10 

- 

10 

- 

ns 


• TIMING WAVEFORM OF WRITE CYCLE 


twc 


\ 

/ 

( ) 

( 


, *CWI_ — - tWR . 

(3) 

\W 

mry, y 



tcwi 



WWY 

] 

l 



tAW 



t*p(l) 


tits (2) ; 

f 

tOH . 


jhr«z(4) 

. tow ... (6) (7) 

\\\\\\\\\\\\\\\\\\\\\\\\\ 


. tow 

\AAA 

tDH 


Data In Valid 


NOTES: 1 A write occurs during the 
overlap (t W p) of low CE, , 
CE a and WE. 

2. *AS * s measured from the 
address changes to the bigin- 
ning of the write. 

3. twx is measured from the 
earlier of CE 15 EE, or WE 
going high to the end/of 
write cycle. 


4, During this period, I/O pins 
are in the output state so 
that the input signals of 
opposite phase to the out- 
puts must not be applied. 

5. If the CEj or CE, low transi- 
tion occurs simultaneously 
with the WE low transitions or 
after the WE transitions, out- 
put remain in a high im- 


pedance state. 

6. Dout is the same phase of 
write data of this write 
cycle. 

7. Dout is the read .data of next 

ad dress. 

8. If CE, and CE, are low 
during this period, I/O pins 
are in the output state. Then 
the data input signals of op- 
posite phase to the outputs 
must not be applied to them. 
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HM6117LFP-3, HM6117LFP-4 


■LOW Vcc DATA RETENTION CHARACTERISTICS (To-O'Cto +70"C) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Vcc for Data Retention 


CEi ^ Vcc— 0.2V, 

Vin^ Vcc— 0.2V or V,*£0.2V 

2.0 

- 

- 

V 

Vcc for Data Retention 

Vote 

CE 2 ^ V CC -0.2V 

2.0 

- 

- 

V 

Data Retention Current 

IcCDR 1 

Vcc — 3.0V, CET^2.8V, 

V //v ^2.8V or V/ W ^0.2V 

- 

- 

30* 

M 

Data Retention Current 

I CCD RZ 

Vcc- 3.0V, CE 2 ^V cc -0.2V 

- 

- 

30* 

M 

Chip Deselect to Data Retention Time 

tcDR 

See Retention Waveform 

0 

- 

- 

ns 

Operation Recovery Time 

tR 

*AC** 

- 

- 

ns 


* 10/kA max at Ta — Q'C to +40*C, Vu min” -0.3V 
** l/u- Read Cycle Time 

• LOW Vcc DATA RETENTION WAVEFORM 



NOTE: 1. CE 2 cont rols Address buffer, WE buffer, CE, buffer and Djn 

buffer. If OE, controls data retention mode, V IN level (ad dress, 
WE, CEj , Dj/o) can be in the high impedance state . If C E, con- 
trols data retention mode, Vi N level (address, WE, CE 2 , D I / 0 ) 
mustbe V IN ^ VOC-0.2V or V IN ^ 0.2V. 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 


1.0 

s 14 

i 

S 12 




Vcc - 5.0 V 









j 0.8 

* 0.6 

0.4 














0 20 40 60 80 

Ambient Tempara ture Ta < *C ) 
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Inp„ Voltage V, l( No,»liz.d) *“ e “ Ti ~ '"■'-^INorn.lia.d) fcc .„ T i« <aa, l ac,(No r .IM) 


HM6117LFP-3, HM6117LFP-4 


ACCESS TIME vs. 
SUPPLY VOLTAGE 



Supply Voltage Vcc (V) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 



ACCESS TIME vs. SUPPLY CURRENT vs. 

LOAD CAPACITANCE FREQUENCY 



Load Capacitance Cl (pF) 



Frequency / (MHz) 


INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 



Supply Voltage Vcc (V) 


INPUT HIGH VOLTAGE vs. 

’supply voltage 



Supply Voltage Vcc (V) 
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0 

v 

1.6 

1.4 


0.4 

0.2 



HITACHI 


Standby Current Isbi (Normalized) Output Current /ot( Normalized) 







HM6168H-45, HM6168H-55, }«« 
HM6168H-70, HM6188HP-45, P 

HM6168HP-55, HM6168HP-70 


4096 - word x 4 -bit High Speed Static CMOS RAM 
■FEATURES 

• High Speed: Fast Access Time 45/55/70 ns (max.) 

• Single +5V Supply and High Density 20 Pin Package 

• Low Power Standby and Low Power Operation; 

lOOjuW typ. (Standby), 250mW typ. (Operation) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible - All Inputs and Outputs 


■ FUNCTIONAL BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

V IN 

-3.5* to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

T 0 ,r 

0 to +70 

*C 

Storage Temperature (Ceramic) 

T. tg 

-65 to +150 

'C 

Storage Temperature (Plastic) 

T slg 

-55 to +125 

’C 

Temperature under Bias 

n,.. 

-10 to +85 

°C 


HM6168H-45/55/70 



(DG-20) 

HM6168HP-45/55/70 


i ^ 


(DP-20) 

■ PIN ARRANGEMENT 

Ai U 


loj V(f 

AsfT 


jH a * 

A6 (j[ 


Th] /b 

A7 [T 


77] Ai 

a*[T 


77] .\o 

a? QT 


77] i'oi 

Aio 


77] i '02 

Au | 8 


77] p<h 

csfT 


77] 1/04 

CM) fF 


77] We 


(Top View) 


* Pulse Width 20ns, DC- -0.5V 


Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachis Sales Dept, reqarding specifications. 
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HM6168HLP-45, HM6168HLP-55, 

HM6168HLP-70 Under Development 


4096-word x 4-bit High Speed Static CMOS RAM 
■FEATURES 

• Highspeed: Fast Access Time 45/55/70ns (max.) 

• Single +5V Supply and High Density 20 Pin Package 

• Low Power Standby and Low Power Operation; 

5/xW typ. (Standby), 250mW typ. (Operation) 

• Completely Static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible— All Inputs and Outputs 

• Capable of Battery back up Operation 


■ FUNCTIONAL BLOCK DIAGRAM 




A4|T 


7] Vu 

As [7 


7] As 

A* [7 


7] A2 

a? j~r 


77] Ai 

A* [~T 


77] Ao 

a 9 [T 


77] i/o, 

Aio £7 


77] i/o. 

An pT 


77] i/o 3 

cs[7 


77] 1/04 

GNDflo~ 


77] wh 


(Top View) 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin Relative to GND 

V,s 

-3.5* to -f 7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

T opr 

0 to +70 

# C 

Storage Temperature 

T. tg 

-55 to +125 

# C 

Temperature under Bias 

Tutt 

-10 to +85 

*C 


* Pulse Width 20ns, DC- -0.5V 


Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi's Sales Dept, regarding specifications. 
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HM61 67, H M6167-6, H M61 67-8, 

HM6167P,HM6167P-6,HM6167P-8 


1 6384- wordxi- bit High Speed Static CMOS RAM 


■FEATURES 

• Single +5V Supply and High Density 20 Pin Package 

• Fast Access Time — 70ns/85ns/100ns 

• Low Power Stand-by and Low Power Operation 

Stand-by 25mW Typ. and Operating 150mW Typ. 

• Completely Static Memory No Clock nor Refresh Required 

• Fully TTL Compatible — All Inputs and Output 

• Separate Data Input and Output Three State Output 

• Pin-Out Compatible with Intel 2167 Series 


■ BLOCK DIAGRAM 



Item 

Symbol 

Rating 

Unit 

Terminal Voltage with Respect to GND 

Vt 

-0.5 to -f 7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

Topr 

0 to 4-70 

°C 

Storage Temperature(Plastic) 

T. tt 

-55 to +125 

°C 

Storage Temperature(Ceramic) 

T att 

-65 to +150 

*C 


■RECOMMENDED DC OPERATING CONDITIONS 

( 0°C^Ta^70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input High Voltage 

VlH 

2.2 

- 

6.0 

V 

Input Low Voltage 

VlL 

-0.5 

- 

0.8 

V 


HM6167, HM6167-6, 
HM6167-8 



(DC- 20) 


HM6167P, HM6167P-6, 
HM6167P-8 




(DP-20) 


■PIN ARRANGEMENT 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


■TRUTH TABLE 


cs 

WE 

Mode 

Vcc Current 

Output Pin 

Reference Cycle 

H 

X 

Not Selected 

Isb , Isb 1 

High Z 


L 

H 

Read 

Ice 

Dout 

Read Cycle 1, 2 

L 

L 

Write 

Icc 

High Z 

Write Cycle 1, 2 


■ DC AND OPERATING CHARACTERISTICS (Kcc=5V±10%, Ta-Ot: to +70C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

\h,\ 

Vcc “5.5V, V/n = 0V~ Vcc 

- 

- 

2 

mA 

Output Leakage Current 

\ho\ 

CS = Vih , VW“0V~Vbc 

- 

- 

2 

mA 

Operating Power Supply Current 

Icc 

CS = V/i., Output Open 

- 

30 

60 

mA 


Isb 

CS -Vf« 


5 

20 

mA 

Standby Power Supply Current 

Isb i 

CS= Vcc-0.2V 

Vi 0.2V or ^ Vbc-0.2V 

~ 

0.02 

2 

mA 

Output Low Voltage 

VOL 

Iol — 8 mA 

- 

- 

0.4 

V 

Output High Voltage 

VOH 

/oh == — 4 mA 

2.4 

- 

- 

V 


Note) Typical limits are at Vcc“5.0V, Ta”25t) and specified loading. 

■AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


Output Load A 

+ 5V 



Output Load B 

( for tnz, t lz , twz & tow ) 
+ 5V 


■CAPACITANCE (7a=25°C, /- 1.0MHz) 


Item 

Symbol 

max 

Unit 

Conditions 

Input Capacitance 

Cl N 

5 

pF 

> 

o 

II 

% 

Output Capacitance 

CoVT 

6 

pF 

Vot/T = 0 V 


Note) This parameter is sampled and not 100% tested. 


■ AC CHARACTERISTICS ( Vcc-5V±10%, Ta = 0°C to 70”C, unless otherwise noted.) 

•READ CYCLE 


Item 

Symbol 

HM6167, HM6167P 

HM6167-6, HM6167P-6 

HM6167-8, HM6167P-8 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

t RC 

70 

- 

85 

- 

100 

- 

ns 

Address Access Time 

tAA 

- 

70 

- 

85 

- 

100 

ns 

Chip Select Access Time 

tACS 

- 

70 

- 

85 

- 

100 

ns 

Output Hold from Address Change 

ton 

5 

- 

5 

- 

5 

- 

ns 

Chip Selection to Output in Low Z 

t LZ 

5 

- 

5 


5 

- 

ns 

Chip Deselection to Output in High Z 

tHZ 

0 

30 

0 

40 

0 

40 

ns 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

0 

- 

ns 

Chip Deselection to Power Down Time 

tpD 

- 

35 

- 

40 

- 

45 

ns 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 
• WRITE CYCLE 


Item 

Symbol 

HM6167, HM6167P 

HM6167-6, HM6167P-6 

HM6167-8, HM6167P-8 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

70 

~ 

85 

- 

100 

- 

ns 

2 

Chip Selection to End of Write 

tew 

55 

- 

65 

- 

80 

- 

ns 


Address Valid to End of Write 

tAW 

55 

- 

65 

- 

80 

- 

ns 


Address Setup Time 

tAS 

0 

- 

0 

- 

0 

- 

ns 


Write Pulse Width 

twp 

40 

- 

45 

- 

55 

- 

ns 


Write Recovery Time 

twR 

0 

- 

0 

- 

0 

- 

ns 


Data Valid to End of Write 

tow 

30 

- 

35 

- 

40 

- 

ns 


Data Hold Time 

t DH 

0 

- 

0 

- 

0 

- 

ns 


Write Enable to Output in High Z 

twz 

0 

30 

0 

40 

0 

40 

ns 

3.4 

Output Active from End of Write 

tow 

0 

- 

0 

- 

0 

- 

ns 

3,4 


Notes) 1. If CS goes high simultaneouly with -WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 


• TIMING WAVEFORM OF READ CYCLE N0.1 1>,2) 



f sc 



C ) 

( 


ton 

tAA 

1 


Previous Data Valid 

3 

<xx> 

f ' — - — — 

Data Valid 

' 


• TIMING WAVEFORM OF READ CYCLE N0.2 1U) 



NOTES: 


1. WE is high and CS is low for READ cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±500 mV from steady state voltage with 
specified loading in Load B. 
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HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 
• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 



NOTE: 1. Transition is measured ±500mV from steady state voltage with 

specified loading in Load B. 

• TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled) 



Note) Transition is measured ±500mV from steady state voltage with specified loading in Load B. 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 
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Input Low Voltage V,l (Normalized) Access Time Ua ’ Ucs Access Time Ua.iacs (Normalized) 


HM6167, HM6167-6, MM6167-8, HM6167P, HM6167P-6, HM6167P-8 

ACCESS TIME vs. ACCESS TIME vs. 

SUPPLY VOLTAGE AMBIENT TEMPERATURE 



ACCESS TIME vs. SUPPLY CURRENT vs. 

LOAD CAPACITANCE FREQUENCY 



Load Capacitance Ci. (pF) 


Frequency J (MHz) 


INPUT LOW VOLTAGE vs. INPUT HIGH VOLTAGE vs. 

SUPPLY VOLTAGE 'SUPPLY VOLTAGE 



Supply Voltage Vcc (V) Supply Voltage Vcc (V) 


186 


0 HITACHI 









HM6167, HM6167-6, HM6167-8, HM6167P, HM6167P-6, HM6167P-8 


OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 


OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 




STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 





Vcc = 3V 
CS=2.8V 










'0 20 40 60 80 

Ambient Temperature Ta (°C) 


STANDBY CURRENT vs. 
SUPPLY VOLTAGE 



STANDBY CURRENT vs. 
INPUT VOLTAGE 







— 

Ta = 
Vcc = 
CS= 

— 

25’C 

=5.0V 

4.8V 










\ 








\ 









S- - 



0 1 2 3 4 5 6 

Input Voltage V,. (V) 
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HM6167LP, HM6167LP-6, 
HM6167LP-8 


1 6384- word x 1 -bit High Speed Static CMOS RAM 


■ FEATURES 

• Single +5V Supply and High Density 20 Pin Package 

• Fast Access Time 70ns/85ns/100ns 

• Low Power Stand-by and Low Power Operation 

Stand-by 5juW (typ) and Operating 150mW (typ.) 

• Completely Static Memory No Clock or Refresh Required 

• Fully TTL Compatible All Inputs and Output 

• Separate Data Input and Output Three State Output 

• Capable of Battery Back up Operation 


■ BLOCK DIAGRAM 



■ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Terminal Voltage with Respect to GND 

Vt 

-0.5 to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

T' P r 

0 to +70 

°C 

Storage Temperature 

Tsu 

-55 to +125 

# C 



Ao j 1 



77] Vcc 

AifT 


77] A 13 

Az|~3~ 


77]Ai2 

AjJT 


77] An 

a,[T 


16 | Aio 

a 5 |T 


77] a 9 

a<[7 


77] Ag 

Dout j 8 


13 | h 

we|T 


77] Din 

gndQ7 


77] cs 


(Top View) 


■RECOMMENDED DC OPERATING CONDITIONS ( 0 °C S Tag 70°C ) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 


0 

0 

0 

V 

Input High Voltage 

V,H 

2.2 

- 

6.0 

V 

Input Low Voltage 

V,L 

-0.5 

- 

0.8 

V 
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HM6167LP, HM6167LP-6, HM6167LP-8 


■TRUTH TABLE 


cs 

WE 

Mode 

Vcc Current 

Output Pin 

Reference ‘Cycle 

H 

X 

Not Selected 

Isb, Isb 1 

High Z 


L 

H 

Read 

Ice 

Dout 

Read Cycle 1, 2 

L 

L 

Write 

Ice 

High Z 

Write Cycle 1, 2 


■ DC AND OPERATING CHARACTERISTICS ( Vcc-5V±10%, Ta-0~+70”C ) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

|/«l 

Vcc — 5.5 V V,jv«0V~Vcc 

- 

- 

2 

M 

Output Leakage Current 

1 ho | 

CS-V/«, Vyi — 0V~ Vcc 

- 

- 

2 

M 

Operating Power Supply Current 

Ice 

CS “-V/l, Output Open 

- 

30 

60 

mA 


Isb 

CS — Vih 

- 

5 

20 

mA 

Standby Power Supply Current 

Isb i 

CS =■* Vcc— 0.2 V 

V/*^0.2V or ^ Vcc— 0.2V 


1 

50 

M 

Output Low Voltage 

VOL 

Iol — 8 mA 

- 

- 

0.4 

V 

Output High Voltage 

VOH 

Ioh = — 4 mA 

2.4 

- 

- 

V 


Note) Typical limits are at Vcc"“5.0V, Ta—25'C and specified loading. 


■AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


Output Load A Output Load B 

+5V (for tnz , Ilz, twz & tow) 



■CAPACITANCE ( Ta- 25°C,/=1.0MHz) 


Item 

Symbol 

max 

Unit 

| Conditions 

Input Capacitance 

C,N 

5 

pF 

> 

© 

II 

Output Capacitance 

CoUT 

6 

pF 

Vour-OV 


Note) This parameter is sampled and not 100% tested. 


■AC CHARACTERISTICS (To- 0‘C to + 70’C, Vcc - 5V±10%, unless otherwise noted.) 

•READ CYCLE 


Item 

Symbol 

HM6167LP 

| HM6167LP-6 

HM6167LP-8 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

tRC 

70 

- 

85 

- 

100 

- 

ns 

Address Access Time 

tAA 

- 

70 

- 

85 

- 

100 

ns 

Chip Select Access Time 

tACS 

- 

70 

- 

85 

- 

100 

ns 

Output Hold from Address Change 

toH 

5 

- 

5 

- 

5 

- 

ns 

Chip Selection to Output in Low Z 

Ilz 

5 

- 

5 

- 

5 

- 

ns 

Chip Deselection to Output in High Z 

Ihz 

0 

30 

0 

40 

0 

40 

ns 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

0 

- 

ns 

Chip Deselection to Power Down Time 

tpD 

- 

35 

- 

40 

- 

45 

ns 
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HM6167LP, HM6167LP-6, HM6167LP-8 


• TIMING WAVEFORM OF READ CYCLE N0.1 1U) 



• TIMING WAVEFORM OF READ CYCLE N0.2 1U) 



NOTES: 1. WE is high and CS is low for READ Cycle. 

2. Addresses valid prior to or coincident with CS transition low. 

3. Transition is measured ±500mV from steady state voltage with 
specified loading B. 

• WRITE CYCLE 


HM6167LP HM6167LP-6 HM6167LP-8 


Item 

Symbol 

min 

max 

min 

max 

min 

max 

Unit 

Notes 

Write Cycle Time 

twc 

70 

- 

85 

- 

100 

- 

ns 

2 

Chip Selection to End of Write 

tew 

55 

- 

65 

- 

80 

- 

ns 


Address Valid to End of Write 

tAW 

55 

- 

65 

- 

80 

- 

ns 


Addre*ss Setup Time 

tAS 

0 

- 

0 

- 

0 

- 

ns 


Write Pulse Width 

twp 

40 

- 

45 

- 

55 

- 

ns 


Write Recovery Time 

twR 

0 

- 

0 

- 

0 

- 

ns 


Data Valid to End of Write 

t DW 

30 

- 

35 

- 

40 

- 

ns 


Data Hold Time 

t DH 

0 

- 

0 

- 

0 

- 

ns 


Write Ehable to Output in High Z 

twz 

0 

30 

0 

40 

0 

40 

ns 

3,4 

Output Active from End of Write 

tow 

0 

- 

, 0 

- 

0 

- 

; 

ns 

3,4 


Notes) 1 . If CS goes high simuitaneouly with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4 . This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE Controlled) 
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HM6167LP, HM6167LP-6, HM6167LP-8 


• TIMING WAVEFORM OF WRITE CYCLE No. 2 (CS Controlled) 



iwc 

( 3 

( 


(at . 

lea 




\ 7 

l 

la* 


(*» 

1- 

two 


\ \ \ \ \ ■ 

\ 1 

* / / r 

L 

tow , 

| <p* | j 


X 

Data In Valid 



twi 


Data Undefined / 

Hi*h Impedance 


■LOW Vcc DATA RETENTION CHARACTERISTICS ( Ta -0‘C to 70‘C) 


Parameter 

Symbol 

Test Condition 

min 

typ 


Unit 

Vcc for Data Retention 

Von 

CSi£ Vcc— 0.2V 

Vi.ZVcc- 0.2V or 

0V£V„£0.2V 

2.0 

- 

- 

V 

Data Retention Current 


- 

- 

20* 

M 


- 

30** 

Chip Deselect to Data Retention Time 

tcDR 

0 


- 

ns 

Operation Recovery Time 

tn 

— 


- ' 

ns 


A Inc-Read Cycle Time * Vcc-2.0V 

** Vcc-3.0V 


■LOW Vcc DATA RETENTION WAVEFORM 



0 HITACHI 


191 


















HM6167H-45, HM6167H-55, — 
HM6167HP-45, HM6167HP-55 


16384-word x 1 -bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast Access Time. . HM6167H/P-45 45ns (max) 

HM6167H/P-55 55ns (max) 

• Low Power Standby and Low Power Operation 

Standby lOOjuW (typ). Operating 200mW (typ) 

• Single +5V Supply and High Density 20 Pin Package 

• Completely Static Memory ... .No Clock nor Refresh Required 

• Fully TTL Compatible All Inputs and Output 

• Separate Data Input and Output Three State Output 

■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Terminal Voltage with respect to GND 

Vt 

-3.5* to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

Topr 

o 

+ 

o 

o 

°C 

Storage Temperature (Plastic) 

Tstg 

-55 to +125 

°C 

Storage Temperature (Ceramic) 

T$tg 

-65 to +150 

°c 

Storage Temperature (under bias) 

Tbias 

-10 to +85 

°C 


* Pulse Width 20ns, DC: -0.5.V 


■ RECOMMENDED DC OPERATING CONDITIONS ( T a = 0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

ViH 

2.2 

- 

6.0 

V 

VlL 

-3.0* 

- 

0.8 

V 


* Pulse Width: 20ns, DC: V IL (min) = -0.5V 



■ PIN ARRANGEMENT 


Ao|T 


*20^ V’cc 

Ai f T 


J9] A 13 

AifT 


1T|ai» 

A 3 fT 


IT] All 

A« |'V™ 


¥Ja,° 

as|T 


I0 A9 

Ae[7 


17|a» 

Doia | 8 


IT] a? 

WE |T 


TTjpin 

cndQ7 


TT|cs 


(Top View) 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


■ TRUTH TABLE 


cs 

WE 

Mode 

Vcc Current 

Dout Pin 

Ref. Cycle 

H 

X 

Not selected 

I sb, Isbi 

High-Z 


L 

H 

Read 

Icc 

Dout 

Read Cycle 

L 

L 

Write 

lee 

High-Z 

Write Cycle 


■ DC AND OPERATING CHARACTERISTICS (V r C c-5V±10%, Ta-OV to + 70T5) 


Item 


Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

liW 

Vcc — 5.5V, V/*-0V~Vcc 

- 

- 

2 

M 

Output Leakage Current 


CS — Vih , Vout““ 0V~ Vcc 

- 

- 

2 

mA 

Operating Power Supply Current 

Icc 

CS — Vil, Output Open 

- 

40 


mA 


I SB 

CS -V IH 

- 

10 


mA 

Standby Power Supply Current 

I S B\ 


- 


n 

mA 

Output Low Voltage 

VOL 

Io l — 8 mA 

- 

- 

0.4 

V 

Output High Voltage 

VOH 

Ioh“ ~4mA 

2.4 

- 

- 

V 


Note) Typical limits are at Vcc— 5.0V, 7a— 25T) and specified loading. 


■AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


Output Load A 

+5V 



♦ Including scope and jig. 


Output Load B 

( for Ihz, ftz, twz & tow ) 
+ 5V 



* Including scope and jig. 


■ CAPACITANCE (Ta=25‘C, /=1.0MHz) 


Item 

Symbol 

typ 

max 

Unit 

Conditions 

Input Capacitance 

C,N 

3 

5 

pF 

V/n-OV 

Output Capacitance 

CoUT 

5 

7 

pF 

Vovr — 0 V 


Note) This parameter is sampled and not 100% tested. 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


BlAC CHARACTERISTICS ( Vcc — 5V± 10%, Ta^O'C to 70°C, unless otherwise noted.) 

• READ CYCLE 


Item 

Symbol 

HM6167H/P-45 

HM6167HP-55 

Unit 

Notes 

min 

max 

min 

max 

Read Cycle Time 

tRC 

45 

- 

55 

- 

ns 

0) 

Address Access Time 

tAA 

- 

45 

- 

55 

ns 


Chip Select Access Time 

fACS 

- 

45 

- 

55 

ns 


Output Hold from Address Change 

tOH 

5 

- 

5 

- 

ns 


Chip Selection to Output in Low Z 

tLZ 

5 

- 

5 

- 

ns 

(2) (3) (7) 

Chip Deselection to Output in High Z 

tHZ 

0 

30 

0 

30 

ns 

(2) (3) (7) 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

ns 


Chip Deselection to Power Down Time 

tPD 

- 

30 

- 

30 

ns 



NOTES: 


1. Ail Read Cylce timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, max. is less than t^z min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. 

5. Device is continuously selected, CS = V IL . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 


• TIMING WAVEFORM OF READ CYCLE N0.1 4) - 5) 


Address 


Data Out 


- { RC- 


DC 




- t AA- 


Previous Data 
Valid 


xxxx 



Data Valid 


• TIMING WAVEFORM OF READ CYCLE N0.2 4 >. 6 > 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


• WRITE CYCLE 


Item 

Symbol 

HM6167H/P-45 

HM6167H/P-55 

Unit 

Notes 

min 

max 

min 

max 

Write Cycle Time 

twc 

45 

- 

55 

- 

ns 

(2) 

Chip Selection to End of Write 

tew 

40 

- 

50 

- 

ns 


Address Valid to End of Write 

tAW 

40 

- 

50 

- 

ns 


Address Setup Time 

tAS 

0 

- 

0 

- 

ns 


Write Pulse Width 

twp 

25 

- 

35 

- 

ns 


Write Recovery Time 

tWR 

0 

- 

0 

- 

ns 


Data Valid to End of Write 

tDW 

25 

- 

25 

- 

ns 


Data Hold Time 

tDH 

0 

- 

0 

- 

ns 


Write Enable to Output in High Z 

twz 

0 

25 

0 

25 

ns 

(3) (4) 

Output Active from End of Write 

tow 

0 

- 

0 

- 

ns 

(3) (4) 


NOTES: 


1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All write cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 


• TIMING WAVEFORM OF 


Address 

CS 

WE 
Data In 
Data Out 



> TIMING WAVEFORM OF WRITE CYCLE (CS Controled) 



{ WC 


Address ) 

( J 

( 


-j tew 



CS 

s - _ - 

*WR 


tAW 

1 

p t WP -J 


WE \ \ \ \ \ ' 

\ 7 

' rrr 


t D W 

f DH | 

Data In A 

Data In Valid X 


*wz 


Data Out 


Data Undefined 


High Impedance 
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Supply Current Ice (No 


HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 

SUPPLY VOLTAGE AMBIENT TEMPERATURE 



Supply Voltage Vfcc (V) 


Ambient Temperature Ta ("C) 


ACCESS TIME vs. ACCESS TIME vs. 

SUPPLY VOLTAGE AMBIENT TEMPERATURE 



ACCESS TIME vs. 
LOAD CAPACITANCE 



Load Capacitance Cl (pF) 


SUPPLY CURRENT vs. 
FREQUENCY 



Frequency / (MHz) 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


INPUT LOW VOLTAGE vs. 
SUPPLY VOLTAGE 



Supply Voltage Vcv (V) 


INPUT HIGH VOLTAGE vs. 
SUPPLY VOLTAGE 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



OUTPUT CURRENT vs. 
OUTPUT VOLTAGE 



STANDBY CURRENT vs. 
AMBIENT TEMPERATURE 



STANDBY CURRENT vs. 
SUPPLY VOLTAGE 
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HM6167H-45, HM6167H-55, HM6167HP-45, HM6167HP-55 


STANDBY CURRENT vs. 
INPUT VOLTAGE 
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HM6167HCG-45, HM6167HCG-55 


16384 - word xi- bit High Speed Static CMOS RAM 


■ FEATURES 

• High Density 20 pin Leadless Chip Carrier 

• High Speed: Fast Access Time 45/55ns Max. 

• Low Power Standby and Low Power Operation 

Standby: 100/zW typ., Operation: 200mW typ. 

• Completely Static Memory; 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible; All Inputs and Output 


■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Voltage on Any Pin* 

V r 

-0.5 to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

T 0 pr 

0 to +70 

°C 

Storage Temperature 

T, tg 

-65 to +150 

°C 

Temperature Under Bias 

7\,„ 

-10 to +85 

°C 


* with respect to GND. Vm min— —3.5V (Pulse width 20ns) 



■ PIN ARRANGEMENT 


} uu 

U N 

19 20 

111 2 


Au U18 
An U17 
Am □!(> 
An HIS 
As Ul4 
A 7 I]13 


:C a 2 

4C A:t 


SC At 
6C As 
"C As 
«C Dout 


w 12 11 10 9 . 

N nn ri n / 

Din CS GND WE 


(Bottom View) 


■ TRUTH TABLE 


CS 

WE 

Mode 

Vcc Current 

Dout Pin 

Ref. Cycle 

H 

X 

Not selected 

IsB, IsBl 

High-Z 


L 

H 

Read 

Ice 

Dout 

Read Cycle 

L 

L 

Write 

Icc 

High-Z 

Write Cycle 


0 HITACHI 


199 





HM61 67HCG-45, HM61 67HCG-55 

■ RECOMMENDED DC OPERATING CONDITIONS (Ta= 0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V lH 

2.2 

- 

6.0 

V 

V,L 

-0.5* 

- 

0.8 

V 


* -3.0V (Pulse width 20ns) 


■ DC AND OPERATING CHARACTERISTICS (V C c = 5V ±10%, To- 0 io + 70°C) 


Item 

Symbol 

Test Conditions 

min 

typ* 

max 

Unit 

Input Leakage Current 

1 lu 1 

Vcc=5.5V, V/jv-OV to V cc 

- 

- 

2 

M 

Output Leakage Current 

1 ho 1 

CS —Via, Voi/r—0V to Vcc 

- 

- 

2 

M 

Operating Power Supply Current 

Icc 

CS —Vil, Output Open 

- 

40 

80 

mA 

Standby Power Supply Current 

IsB 

CS= V, H 

- 

10 

20 

mA 

I SB 1 

CS^ Vcc— 0.2V, V, W ^0.2V or V /w 2? V CC -0.2V 

- 

20 

2000 

M 

Output Voltage 

VoL 

Iol — 8 mA 

- 

- 

0.4 

V 

VoH 

I oh = 4 mA 

2.4 

- 

- 

V 


Note) * : Typical limits are at Vcc==5.0V, Ta = 25”C and specified loading. 


■ CAPACITANCE (Ta- 25'C, /-1MHz) 


Item 

Symbol 

Test Conditions 

typ 

max 

Unit 

Input Capacitance 

c,„ 

> 

o 

3 

5 

P F 

Output Capacitance 

C oul 

> 

o 

II 

5 

7 

pF 


Note) parameter is sampled and not 100% tested. 


■ AC CHARACTERISTICS (V CC = 5V +10%, Ta= 0 to +70°C) 


• AC TEST CONDITIONS 

Output Load A 

Output Load B 

Input Pulse Levels: GND to 3.0V 

+ 5V 

( for Ihz , Ilz, twz & tow) 

Input Rise and Fall Times: 5 ns 

s 


+ 5V 

O 

Output Reference Levels: 1 .5V 

< 

< 

1 

t 4 80S 

L 

4 480Q 


255Q ^ _ 

ZI 30pF* 

255^ =T= 5pF< 


j 

T 


* Including scope and jig. 

777“ 


•READ CYCLE 


Item 

Symbol 

HM6167HCG-45 

HM6167HCG-55 

Unit 

Notes 

min 

max 

min 

max 

Read Cycle Time 

tRC 

45 

- 

55 

- 

ns 

1 

Address Access Time 

Iaa 

- 

45 

- 

55 

ns 


Chip Select Access Time 

tACS 

- 

45 

- 

55 

ns 


Output Hold from Address Change 

ton 

5 

- 

5 

- 

ns 


Chip Selection to Output in Low Z 

t LZ 

5 

- 

5 

- 

ns 

2,3,4 

Chip Deselection to Output in High Z 

Ihz 

0 

30 

0 

30 

ns 

2,3,4 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 

- 

ns 


Chip Deselection to Power Down Time 

tpD 

- 

30 

- 

30 

ns 



Notes) 1 . All Read Cycle timings are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, Ihz max is less than hz min both for a given device and from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6167HCG-45, HM6167HCG-55 


• Read Cycle-1 (Notes 1, 2) 



Notes) 1., WE is high for Read Cycle. 

2. Address valid prior to or coincident with CS transition low. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 


• WRITE CYCLE 

| I HM6167HCG-45 I HM6167HCG-55 


Item 

Symbol 

min 

max 

min 

max 

Unit 

Notes 

Write Cycle Time 

twc 

45 

- 

55 

- 

ns 

2 

Chip Selection to End of Write 

tew 

40 

- 

50 

- 

ns 


Address Valid to End of Write 

tAW 

40 

- 

50 

- 

ns 


Address Setup Time 

tAS 

0 

- 

0 

- 

ns 


Write Pulse Width 

twp 

25 

- 

35 

- 

ns 


Write Recovery Time 

twR 

0 

~ 

0 

- 

ns 


Data Valid to End of Write 

tpw 

25 

- 

25 

- 

ns 


Data Hold Time 

t DH 

0 

- 

0 

~ 

ns 


Write Enable to Output in High Z 

twz 

0 

25 

0 

25 

ns 

3,4 

Output Active from End of Write 

tow 

0 

- 

0 

- 

ns 

3,4 


Notes) 1 . If CS goes high simultaneouly with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 
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HM6167HLP-45, HM6167HLP-55— 


16384-word x 1-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast Access Time HM6167HLP-45 45ns (max) 

HM6167HLP-55 55ns (max) 

• Low Power Standby and Low Power Operation 

Standby 5juW (typ) and Operating 200mW (typ) 

• Capable of Battery Back-up Operation 

• Single +5V Supply and High Density 20 Pin Package 

• Completely static Memory 

No Clock or Timing Strobe Required 

• Equal Access and Cycle Times 

• Directly TTL Compatible All Inputs and Output 

■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Terminal Voltage with respect to GND 

Vt 

-3.5* to +7.0 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

Topr 

0 to +70 

°C 

Storage Temperature 

T&tg 

-55 to +125 

°C 

Storage Temperature Under Bias 

Tbias 

-10 to +85 

°C 


* Pulse Width 20ns, DC: -0.5V 

■ RECOMMENDED DC OPERATING CONDITIONS ( T a = 0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vac 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

V fH 

2.2 

- 

6.0 . 

V 

Vil 

-3.0* 

- 

0.8 j 

V 


* Pulse Width 20ns, DC: Vj ^ min = -0.5V 



a opr 


| 2 o]tcr 

Ai pT 


»]ah 

A 2 1 3 


77] a I? 

A,[T 


77] An 

a.r 


7T| An 

As[T 


77] As 

AepT 


77] a* 

Dout | 8 


13 | A 7 

we[T 


77] Uin 

CNDpr 


77] CS 


(Top View) 
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HM6167HLP-45, HM6167HLP-55 
■ TRUTH TABLE 


CS 

WE 

Mode 

Vcc Current 

Dout Pin 

Ref. Cycle 

H 

X 

Not selected 

Isb, Isb 1 

High-Z 


L 

H 

Read 

Ice 

Dout 

Read Cycle 

L 

L 

Write 

lec 

High-Z 

Write Cycle 


■DC AND OPERATING CHARACTERISTICS (Vcc-5V±10%, r a -0~+70‘C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

l/ul 

Vcc — 5.5V V/\ — 0V~ Vcc 

- 

- 

2 

M 

Output Leakage Current 

WW 

CS-V/», V.I — 0V~ Vcc 

- 

- 

2 

M 

Operating Power Supply Current 

Icc 

CS — Vil, Output Open 

- 


80 

mA 


Isb 

CS-Vf/f 

-- 

I io j 

20 

mA 

Standby Power Supply Current 

Isb i 

CS — Vcc — 0.2V 

V/*£0.2V or £ Vcc-0.2V 

- 

B 

50 

M 

Output Low Voltage 

VOL 

Iol — 8 mA 

- 

- 

0.4 

V 

Output High Voltage 

VOH 

/ow— — 4mA 

2.4 

- 

- 

V 


Note) Typical limits are at Vcc— 5.0V, Ta-25‘0 and specified loading. 


■AC TEST CONDITIONS 

Input pulse levels: GND to 3.0V 
Input rise and fall times: 5 ns 
Input timing reference levels: 1.5V 
Output reference levels: 1.5V 
Output load: See Figure 


Output Load A 

+ 5V 



* Including scope and jig. 

■CAPACITANCE ( ra-25*C,/=1.0MHz) 


Item 

Symbol 

typ. 

max 

Unit 

Conditions 

Input Capacitance 

C,S 

3 

5 

pF 

> 

0 

1 

% 

Output Capacitance 

CoUT 

5 

7 

pF 

Vbyr-OV 


Note) This parameter is sampled and not 100% tested. 


Output Load B 

(for tHZ, t lz , twz &. tow) 



* Including scope and jig. 


■AC CHARACTERISTICS (Ta-O’C to + 70‘C, Vcc - 5V±10^, unless otherwise noted.) 

• READ CYCLE 


Item 

Symbol 

HM6167HLP-45 

HM6167HLP-55 

Unit 

Notes 

min 

max 

min 

max 

Read Cycle Time 

tRC 

45 

- 

55 

- 

ns 

(1) 

Address Access Time 

tAA 

- 

45 

- 

55 

ns 


Chip Select Access Time 

tACS 

- 

45 

- 

55 

ns 


Output Hold from Address Change 

tOH 

5 

- 

5 

- 

ns 


Chip Selection to Output in Low Z 

tLZ 

5 

- 

5 

- 

ns 

(2) (3) (7) 

Chip Selection to Output in High Z 

tHZ 

0 

30 

0 

30 

ns 

(2) (3) (7) 

Chip Selection to Power Up Time 

tpu 

0 

- 

0 


ns 


Chip Deselection to Power Down Time 

tPD 

- 

30 

- 

30 

ns 



NOTES: 


1 . All Read Cylce timing are referenced from last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, t^z max. is less than t^z min. both for a given device and 
from device to device. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. WE is High for READ cycle. _ 

5. Device is continuously selected, CS = Vj L . 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 
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• TIMING WAVEFORM OF READ CYCLE NO. 2 4) 6) 



• WRITE CYCLE 

| I HM6167HLP-45 I HM6167HLP-55 


Item 

Symbol 

1 

min 

max 

min 

max 

Unit 

Notes 

Write Cycle Time 

twc 

45 

- 

55 

- 

ns 

(2) 

Chip Selection to End of Write 

tew 

40 

- 

50 

- 

ns 


Address Valid to End of Write 

tAW 

40 

- 

50 

- 

ns 


Address Setup Time 

tAS 

0 

- 

0 

- 

ns 


Write Pulse Width 

tWP 

25 

- 

35 

- 

ns 


Write Recovery Time 

tWR 

0 

- 

0 

- 

ns 


Data Valid to End of Write 

tDW 

25 

- 

25 

- 

ns 


Data Hold Time 

tDH 

0 

- 

0 

- 

ns 


Write Enable to Output in High Z 

twz 

0 

25 

0 

25 

ns 

(3) (4) 

Output Active from End of Write 

tow 

0 

- 

0 

- 

ns 

(3) (4) 


NOTES: 1. If CS goes high simultaneously with WE high, the output remains in a high impedance states. 

2. All Write Cycle timings are referenced from the last valid address to the first transitions address. 

3. Transition is measured ±500mV from steady state voltage with specified loading in Load B. 

4. This parameter is sampled and not 100% tested. 

• TIMING WAVEFORM OF WRITE CYCLE NO. 1 (WE Controlled) 
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HM6167HLP-45, HM6167HLP-55 


• TIMING WAVEFORM OF WRITE CYCLE NO. 2 (CS Controlled) 



■ LOW Vcc DATA RETENTION CHARACTERISTICS (7a- 0°Cto70°C) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Vcc for Data Retention 

Vdr 

CS£ Vcc-Q. 2V 

Vcc — 0.2V or 

0V£V^0.2V 

2.0 

- 

- 

V 

Data Retention Current 

IcCDR 

- 

- 

20* 

mA 

- 

- 

30** 

Chip Deselect to Data Retention Time 

tcDR 

0 

- 

- 

ns 

Operation Recovery Time 

tR 

<rc a 

- 

- 

ns 


A f*c- Read Cycle Time * Vcc- 2.0V 

** VW-3.0V 


• LOW Vcc DATA RETENTION WAVEFORM 
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HM6264P-10, HM6264P-12, 
HM6264P-15 


8192-word x 8-bit High Speed Static CMOS RAM 

■ FEATURES 

• Fast access Time 100ns/120ns/1 50ns (max.) 

• Low Power Standby Standby: O.lmW (typ.) 

Low Power Operation Operating: 200m W (typ.) 

• Single +5V Supply 

• Completely Static Memory No clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 

■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Terminal Voltage * 

VT 

-0.5 ** to +7.0 

V 

Power Dissipation 

PT 

1.0 

w 

Operating Temperature 

7opr 

0 to +70 

°c 

Storage Temperature 

7stg 

-55 to +125 

°c 

Storage Temperature (Under Bias) 

Tbias 

-10 to +85 

°c 


* With respect to GND. ** Pulse width 50ns: —3.0V 



■ PIN ARRANGEMENT 


nc[T 


28) rcc 

a,, (7 


13 WE 

a ’GE 


26)CS 2 

a.e 


25] A, 

a s [T 


U A, 

A,(T 


H3 a, . 

A,(T 


22] OE 

A’Gl 


111 A. . 

A,|T 


20] cs, 

A, (To 


iD i/o. 

i/o, [TT 


in 1 / 0 , 

I/0,[l2 


n] i/o 6 

I/O.Q3 


3 i/o, 

GNdJh 


Ts]i/o 4 


(Top View) 


■ TRUTH TABLE 


WE 

cs; 

CS 2 

OE 

Mode 

I/O Pin 

V C c Current 

Note 

X 

H 

X 

X 

Not Selected 
(Power Down) 

High Z 

/SB, ISBl 


X 

X- 

L 

X 

High Z 

/SB, /SB2 


H 

L 

H 

H 

Output Disabled 

High Z 

/CC, ICC1 


H 

L 

H 

L 

Read 

Dout 

/CC, ICC1 


L 

L 

H 

H 

Write 

Din 

/CC, /CC1 

Write Cycle (1) 

L 

L 

H 

L 

Din 

/CC, /CC1 

Write Cycle (2) 


X Don't care. 
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HM6264P-10, HM6264P-12, HM6264P-15 

■ RECOMMENDED DC OPERATING CONDITIONS ( T a = 0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

m 


5.5 

V 

GND 



0 

V 

Input Voltage 


KQH 

- 

mmi 

V 



- 

KSH 

V 


* Pulse Width 50ns: -3.0V 

■ DC AND OPERATING CHARACTERISTICS ( Vcc = 5V±10%, GND = 0V, T a = 0 to +70°C) 


Item 

Symbol 

Test Condition 

min 

typ* 

max 

Unit 

Input Leakage Current 

l/L/l 

F/n*GND to Vcc 

“ 

- 

2 

mA 

Output Leakage Current 

1/loI 

CS1*K/h or CS 2 ss K/l or OE* Fjh, P 7 / 0 *GND 
to Vcc 

- 

- 

2 

juA 

Operating Power Supply Current 

Icc 

CSl** Vil, CS2 =Vrn, h/o= 0mA 

- 

40 

80 

mA 

Average Operating Current 

t 

[cci 

Min. cycle, duty* 100%, CSl* Vjl, CS2 a Vm 

“ 

60 

110 

mA 


ISB 

CS1=K/h or CS2 -Vjl, ///O* 0mA 

“ 

1 

3 

mA 

Standby Power Supply Current 

ISBl** 

CSl^Kcc-O^V, CS2gKcc-0.2Vor CS2g0.2V 

“ 

0.02 

2 

mA 


ISB2** 

CS2g0.2V 

“ 

0.02 

2 

mA 

Output Voltage 

VOL 

/OL= 2. 1mA 

“ 

- 

0.4 

V 

V OH 

/OH* -1.0m A 

2.4 

- 

“ 

V 


* Typical limits are at Pcc"5,0V, r a *25°C and specified loading. 
** Vw min* -0.3V 


■ CAPACITANCE (f= 1MHz, T„ = 25°C) 


Item 

Symbol 

Test Condition 

typ 

max 

Unit 

Input Capacitance 

Cin 

V in * 0V 

- 

6 

pF 

Input/Output Capacitance 

Ci/o 

Vi/O ■ ov 

- 

KB 

pF 


Note) This parameter is sampled and not 100% tested. 


■ AC CHARACTERISTICS (V cc * 5V±10%, Ta = 0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Reference Level: 1 ,5V 

Output Load: 1TTL Gate and C l * tOOpF (including scope and jig) 

• READ CYCLE 


Item 

Symbol 

HM6264M0 

HM6264P-12 

HM6264P-15 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

tRC 

100 

- 

120 

“ 

150 

- 

ns 

Address Access Time 

tAA 

- 

100 

- 

120 

- 

150 

ns 

Chip Selection to Output 

CSl 

tcoi 


100 

- 

120 

- 

150 

ns 

CS2 

tC02 

- 

100 

- 

120 

- 

150 

ns 

Output Enable to Output Valid 

tOE 

- 


- 

60 

- 

70 

ns 

Chip Selection to 


tLZl 

10 

“ 


- 

15 

- 

ns 

Output in Low Z 

S3 

tLZ 2 


- 


- 

15 

- 

ns 

Output Enable to Output in Low Z 


5 

- 

5 

- 

5 

- 

ns 

Chip Deselection to 

CSl 

tHZl 

0 

35 

0 

40 . 

0 

50 

ns 

Output in High Z 

CS2 

tHZ2 

0 

35 

0 

40 

0 

50 

ns 

Output Disable to Output in High Z 

tOHZ 

0 

35 

0 

40 

0 

50 

ns 

Output Hold from Address Change 

tOH 

10 

- 

10 

“ 

15 

“ 

ns 


NOTES: 1 tf{ Z and foHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels, 

2 At any given temperature and voltage condition, tnz max is less than t LZ min both for a given device and from 
device to device, ^ 
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Write Cycle Time 
Chip Selection to End of Write 
Address Setup Time 
Address Valid to End of Write 
Write Pulse Width ~~ 


Write Recovery Time 


CS1, WE 
CS2 


Write to Output in High Z 
Data to Write Time Overlap 


Data Hold from Write Time 
OE to Output in High Z 
Output Active from End of Write 


pHH 

HM6 264P-10 

HM6264P-12 

HM6264P-15 

jgfglBgi 

max 

min 

max 

min 

max 



- 

120 

- 

150 

- 

tcW 

80 

- 

85 

- 

100 

- 

f AS 

0 

- 

0 

- 

0 

- 

*AW 

80 

- 

85 

- 

100 

- 

r WP 

60 

- 

70 

- 

90 


r WRl 

5 

- 

5 

- 

10 


tWR2 

15 

- 

15 

- 

15 

- 

*WHZ 

0 

35 

0 

40 

0 

50 

<DW 

40 

- 

50 

- 

60 

- 

l DH 

0 

- 

0 

. . . . . j 

- 

0 

- 

fOHZ 

0 

35 

0 

40 

0 

50 

*OW 

5 

- 

5 

- 

10 

- 
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HM6264P-10, HM6264P-12, HM6264P-15 


• WRITE CYCLE (1) (OE clock) 



• WRITE CYCLE (2) (OE Low Fix) 



NOTES: 1) A write occurs during the overlap of a low CS1, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going highland WE going low. A write ends at the earliest transition 
among CS1 going high, CS2 going low and WE going high, t^p is 
measured from the beginninng of w rite to the end of write. 

2) tew is measured from the later of CS1 going low or CS2 going high to 
the end of write. 

3) *AS is measured from the address valid to the beginning of write. 

4) fwj? is measured from the end of wr ite t o the address change. 
twRl applies in case a write ends at CS1 or WE going high. 
tWR 2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 
signals of opposite phase to the outputs must not be applied. 

6) If CS1 goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is in the same phase of written data of this cycle. 

8) Doutjs the read data of the new address. 

9) If CS1 is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LP-10, HM6264LP-12 
HM6264LP-15 


81 92 -word x 8-bit High Speed Static CMOS RAM 
■ FEATURES 

• Fast access Time 100ns/120ns/1 50ns (max.) 

• Low Power Standby Standby: 0.01mW(typ.) 

Low Power Operation Operating: 200m W (typ.) 

• Capability of Battery Back-up Operation 

• Single +5V Supply 

• Completely Static Memory No clock or Timing Strobe Required 

• Equal Access and Cycle Time 

• Common Data Input and Output, Three State Output 

• Directly TTL Compatible: All Input and Output 

• Standard 28pin Package Configuration 

• Pin Out Compatible with 64K EPROM HN482764 



(DP-28) 


■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Terminal Voltage * 

VT 

-0.5 ** to +7.0 

V 

Power Dissipation 

Pt 

1.0 

w 

Operating Temperature 

7opr 

0 to +70 

°c 

Storage Temperature 

7stg 

-55 to +125 

°c 

Storage Temperature (Under Bias) 

Tbias 

-10 to +85 

°c 


* With respect to GND. ** Pulse width 50ns: -3.0V 


■ PIN ARRANGEMENT 



nc[T 

A, 2 1 2 

a, [7 
A. [7 
As |T 
A.(7 

a 3 [7 
Ajfjf 
A, [9 
A 0 (io 
I/O, (17 
1/02(12 
l/0 3 [l3 
GND[i4 


2S] A, 
24] A, 

m a, , 

22] OE 
2l] A, „ 

20] CS, 

19] I/O, 
18] I/O, 
13 I/O, 
16(1/0, 
Is] I/O, 


(Top View) 


■ TRUTH TABLE 


WE 

cs; 

cs. 

OE 

Mode 

I/O Pin 

^CC Current 

Note 

X 

H 

X 

X 

Not Selected 
(Power Down) 

High Z 

/SB, /SB! 


X 

X 

L 

X 

High Z 

/SB, /SB2 


H 

L 

H 

H 

Output Disabled 

High Z 

/cc, Icci 


H 

L 

H 

L 

Read 

Dout 

/CC, IC Cl 


L 

L 

H 

H 

Write 

Din 

/CC, ICCI 

Write Cycle (1) 

L 

L 

H 

L 

Din 

/CC, /CC1 

Write Cycle (2) 


X ! Don't care. J 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 

■ RECOMMENDED DC OPERATING CONDITIONS ( Ta = 0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

GND 

0 

0 

0 

V 

Input Voltage 

Vih 

2.2 

- 

6.0 

V 

Vil 

-0.3* 

- 

0.8 

V 


* Pulse Width 50ns: -3.0V 

■ DC AND OPERATING CHARACTERISTICS (Vcc = 5V±10%, GND = OV, T a = 0 to +70°C) 


Item 

Symbol 

Test Condition 

min 

typ* 

max 

Unit 

Input Leakage Current 

l/L/l 

^„=GND to Vcc 

- 

- 

2 

mA 

Output Leakage Current 

I/loI 

CS1= Vih or CS2- Vil or OE= Vih, Vi/o=GND 
to Vcc 


_ 

2 

mA 

Operating Power Supply Current 

fee , 

CSi=ViL, CS2 -Vih, h/0= 0mA 

- 

40 

80 

mA 

Average Operating Current 

Icci 

Min. cycle, duty=100%, CS1 =K/l, CS2= Vih 

- 

60 

110 

mA 


/SB 

CS1= Vih or CS2= Vil, /j/O=0m A 

- 

1 

3 

mA 

Standby Power Supply Current 

ISBl ** 

CSl^Kcc-0.2V, CS2^ Vcc -0.2V or CS2^0.2V 

- 

2 

100 

M A 


ISB2** 

CS2^0.2V 

- 

2 

100 

mA 

Output Voltage 

VOL 

lOL- 2. 1mA 

- 

- 

0.4 

V 

V OH 

IOH-~ 1.0mA 

2.4 

- 


V 


* Typical limits are at Kcc=5.0V, T a ~25°C and specified loading. 
**VlL min=-0.3V 


■ CAPACITANCE (/= 1MHz, T a = 25°C) 


Item 

Symbol 

Test Condition 

typ 

max 

Unit 

Input Capacitance 

Cin 

Vi , , = ov 

- 

6 

pF 

Input/Output Capacitance 

Ci/o 

Vi/o = ov 

- 

8 

pF 


Note) This parameter is sampled and not 100% tested. 

■ AC CHARACTERISTICS ( V cc = 5V±10%, Ta = 0 to +70°C) 

• AC TEST CONDITIONS 

Input Pulse Levels: 0.8 to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Reference Level: 1 .5V 

Output Load: 1TTL Gate and C/_ = lOOpF (including scope and jig) 

• READ CYCLE 


Item 

Symbol 

HM6264LP-10 

HM6264LP-12 

HM6264LP-15 

Unit 

min 

max 

min 

max 

min 

max 

Read Cycle Time 

tRC 

100 

- 

120 

- 

150 

- 

ns 

Address Access Time 

tAA 

- 

100 

- 

120 

- 

150 

ns 

Chip Selection to Output i 

CS1 

tcoi 

- 

100 

- 

120 

- 

150 

ns 

CS2 

tC02 

- 

100 

- 

120 

- 

150 

ns 

Output Enable to Output Valid 

tOE 

- 

50 

- 

60 

- 

70 

ns 

Chip Selection to 

CS1 

tLZl 

10 

- 

10 

- 

15 

- 

ns 

Output in Low Z 

CS2 

tLZ2 

10 

- 

10 

- 

15 

- 

ns 

Output Enable to Output in Low Z 

tOLZ 

5 

- 

5 

- 

5 

- 

ns 

Chip Deselection to 

CS1 

tHZl 

o 

35 

0 

40 

0 

50 

ns 

Output in High Z 

CS2 

^HZ 2 

0 

35 

0 

40 

0 

50 

ns 

Output Disable to Output in High Z 

tOHZ 

0 

35 

0 

40 

0 

50 

ns 

Output Hold from Address Change 

tOH 

10 

- 

10 

- 1 

15 

- 

ns 


NOTES: 1 tjjz an< * toHZ are defined as the time at which the outputs achieve the open circuit condition and are not referred 
to output voltage levels. 

2 At any given temperature and voltage condition, tHZ max is less than m * n both for a given device and from 
device to device. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 


• READ CYCLE 



• WRITE CYCLE 


Item 

Symbol 

HM6264LP-10 

HM6264LP-12 

HM6264LP-15 

Unit 

min 

max 

min 

max 

min 

max 

Write Cycle Time 

twc 

100 

- 

120 

- 

150 

- 

ns 

Chip Selection to End of Write 

tew 

80 

- 

85 

- 

100 

- 

ns 

Address Setup Time 

tAS 

0 

- 

0 

- 

0 

- 

ns 

Address Valid to End of Write 

tAW 

80 

- 

85 

- 

100 

- 

ns 

Write Pulse Width 

tWP 

60 

- 

70 

- 

90 

- 

ns 

Write Recovery Time 

CS1, WE 

tWRl 

5 

- 

5 

- 

10 

- 

ns 

CS2 

tWR2 

15 

- 

15 

- 

15 

- 

ns 

Write to Output in High Z 

tWHZ 

0 

35 

o 

40 

0 

50 

ns 

Data to Write Time Overlap 

tDW 

40 

- 

50 

- 

60 

- 

ns 

Data Hold from Write Time 

tDH 

0 

- 

0 

- 

0 

- 

ns 

OE to Output in High Z 

tOHZ 

0 

35 

0 

40 

0 

50 

ns 

Output Active from End of Write 

tow 

5 

- 

5 

- 

10 

- 

ns 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 
• WRITE CYCLE (1) (OE clock) 



• WRITE CYCLE 12) (OE Low Fix) 




NOTES: 1) A write occurs during the overlap of a low CSl, a high CS2 and a low 
WE. A write begins at the latest transition among CS1 going low, CS2 
going high and WE going low. A write ends at the earliest transtion 
among CSl going high, CS2 going low and WE going high, t^p is 
measured from the beginninng of write to the end of write. 

2 ) *ew measured from the later of CSl going low or CS2 going high to 
the end of write. 

3) is measured from the address valid to the beginning of write. 

4) twR is measured from the end of write to the address change. 

*WR1 applies in case a write ends at CSl or WE going high. 
twR2 applies in case a write ends at CS2 going low. 

5) During this period, I/O pins are in the output state, therefore the input 

signals of opposite phase to the outputs must not be applied. 

6) If CSl goes low simultaneously with WE going low or after WE going 
low, the outputs remain in high impedance state. 

7) Dout is in the same phase of written data of this cycle. 

8) Dout is the read data of the new address. 

9) If CSl is low and CS2 is high during this period, I/O pins are in the 
output state. Therefore, the input signals of opposite phase to the 
outputs must not be applied to them. 
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HM6264LP-10, HM6264LP-12, HM6264LP-15 


■ LOW Vcc DATA RETENTION CHARACTERISTICS (7^ = 0 to +70 °C) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

V C c f° r Data Retention 

V DRl 

CSl^ V CC ~ 0.2V, CS2ZV CC - 0.2V or CS2£0.2V 

2.0 

- 

- 

V 

V DR2 

CS2 ^ 0.2V 

2.0 

- 

- 

V 

Dsts Retention Current 

! ccdr\ 

“ V cc - 3.0V, Cst > V cc - 0.2V, 

CS2 ;> V cc - 0.2V or CS2 ^ 0.2V 

- 

1 

50* 

mA 


I CCDR2 

Vcc = 3.0V, CS2^0.2V 

- 

1 

50* 

mA 

Chip Deselect to Data Retention 
Time 

f CDR 

See Retention Waveform 

0 

- 

- 

ns 

Operation Recovery Time 



tRC** 

T" 

- 

ns 


* V lL min = -0.3V 
** t RC = Read Cycle Time 



• LOW Vcc DATA RETENTION WAVEFORM (2) (CS2 Controlled) 


NOTE: 



CS 2 controls Address buffer, WE buffer, CS, buffer and Din buffer. If 
OS, controls data retention mode, Yin level (Address, WE, CS, , I/O) can 
be in the high impedance state. If CS, controls data retention mode, CS a 
mus t be CS a >Vcc- 0.2V or CS 3 <() . 2 V Th e other inputs level (address, 
WE, I/O) can be in the high impedance state. \ 
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HM4716A-1, HM4716A-2, 

HM4716A-3, HM4716A-4, 
HM4716AP-1, HM4716AP-2, 
HM4716AP-3, HM4716AP-4 


1 6384- word x 1 -bit Dynamic Random Access Memory 

The HM4716A is a 16,384 word by 1 bit MOS random access 
memory circuit fabricated with HITACHI'S double poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4716A uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. Multiplexed address inputs permit the HM4716A to be 
packaged in a standard 16 pin DIP on 0.3 inch centers. This package 
size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. The HM4716A 
is designed to facilitate upgrading of the 16-pin 4K RAM. However, 
the data output latch incorporated in the present 4K design is not 
appropriate for 16K RAM's. This new generation of memory 
products (16K RAM's) requires a slightly modified output stage to 
allow more system flexibility. Instead of the conventional latch, the 
HM4716A output is controlled by the Column Address Storobe 
(CE). Data out of the HM4716A will remain valid from the access 
time from the Column Address Strobe until CE goes into precharge 
logic 1). However, in early write cycles (W active low before CE goes 
low), the data output will remain in the high impedance (open- 
circuit) state throughout the entire cycle. This type of output 
operation results in some very significant system implications. 

1. Common I/O Operation 

If all write operation are handled in the "early write" mode, then 
data in can be connected directly to data-out on a printed circuit 
board. 

2. Data Output Control 

Data will remain valid at the output during a read cycle from 
TCELQV until CE returns to precharge. 

This allows data to be valid from one cycle up until a new memory 
cycle begins. 

3. Two Methods of Chip Selection 

Both CE and/or RE can be decoded for chip selection. 

4. Refresh 

Refreshing can be accomplished every 2 ms by either of the two 
following methods: 

(1) normal read or write cycles on 128 addresses, AO to A6. 

(2) WE only cycles on 128 addresses, AO to A6. 

A write cycle will refresh stored data on all bits of the selected row 
except the bit which is addressed. 

RE only refreshes results in a substantial reduction in operating 
power. 

5. Page Mode Operation 

The HM4716A is designed for page mode operation. 


HM4716A-1, HM4716A-2, 
HM4716A-3, HM4716A-4 



(DG-16A) 


HM4716AP-1, HM4716AP-2, 
HM4716AP-3, HM4716AP-4 



(DP-16) 


■ PIN ARRANGEMENT 



Old 

New 

Definitions 

Ao - A6 

A0-A6 

Address Inputs 

CAS - 

CE 

Column Address 

Strobe 

Din 

D 

Data In 

Dout 

Q 

Data Out 

RAS“ 

We 

Row Address 

Strobe 

WRITE 

w 

Read/Write Input 

Vbb 

VBB 

Power ( — 5V) 

Vcc 

vcc 

Power (4-5V) 

Vdd 

VDD 

Power (4- 12V) 

Vss 

VSS 

Ground 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, 

HM471 6AP-1 , HM471 6AP-2, HM4716AP-3, HM4716AP-4 


■ FEATURES 

• All Inputs Including Clocks TTL Compatible • Maximum Access Time 

• Input Latches for Address and Data in HM4716A-1 120ns 

• Three-State TTL Compatible Output HM4716A-2 150ns 

• Common I/O Capability HM4716A-3 200ns 

• Only 128 Refresh Cycles Required Every 2ms HM4716A-4 250ns 

• Standard Power Supplies +12V, +5V, -5V • Read or Write Cycle Time 

(All with 10% tolelance) HM4716A-1 320ns 

HM4716A-2 320ns 

HM4716A-3 375ns 

HM4716A-4 410ns 


■ FUNCTIONAL BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any Pin Relative to VBB -0.5V to +20V 

Voltage on VDD, VCC Supplies Relative to VSS -0.5V to +15V 

Voltage on Q Pin Relative to VSS -0.5V to +10V 

Operating Temperature, TA (Ambient) 0°C to +70°C 

Storage Temperature (Ambient)* -65°C to +150°C 

Short-Circuit Output Current 50mA 

Power Dissipation 1W 


* In case of HM4716AP Series are -55°C to +125°C. 


■ RECOMMENDED DC OPERATING CONDITIONS (TA=0to 4-70°C) 


Parameter 

Symbol 

min. 

typ. 

max. 

Unit 

Notes 

Supply Voltage 

VDD 

10.8 

12.0 

13.2 

V 

1 

VCC 

4.5 

5.0 

5.5 

V 

VSS 

0 

0 

0 

V 

VBB 

--4.5 

- 5.0 

- 5.5 

V 

Input High (logic 1) Voltage RE, CE, W 

VI HC 

2.7 

- 

6.5 

V 

1 

Input High (logic 1) Voltage All inputs except RE,CE, W 

VIH 

2.4 

— 

~ 

6.5 

V 

1 

Input Low (logic 0) Voltage all inputs 

VIL 

- 1.0 

- 

0.8 

V 

1 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4; 

HM4716AP-1 , HM471 6AP-2, HM4716AP-3, HM4716AP-4 


■ DC ELECTRICAL CHARACTERISTICS 


(To- 0 to + 70°C, Vdd= 12V±10%, Vcc = 5V±10%, Vbb= — 5V± 10%, Vss = 0V) 


Parameter 

Symbol 

min 

max 

Unit 

Notes 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RE, CE Cycling; TRELREL= 375ns) 

Idd 1 

- 

35 

mA 

2 

Iccx 

- 

- 

m A 

3 

Ibb i 

- 

300 

M 

2 

STANDBY CURRENT 

Power Supply Standby Current 
(RE-CE = V, hc ) 

Idd 2 

- 

1.5 

mA 


IcC2 

-10 

10 

M 

5 

Ibb 2 

- 

100 

f*A 


REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RE Cycling, ClT= Vine; TRELREL= 375ns) 

Idd 3 

- 

27 

mA 

2 

Icc3 

-10 

10 

M 

5 

Ibb 3 

- 

300 

M 

2 

PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 
(RE = F/l,CE Cycling; TCELCEL=225ns) 

Idd 4 

- 

27 

mA 


Icc * 

- 

- 

mA 

3 

Ibb 4 

- 

300 

mA 


INPUT LEAKAGE 

Input Leakage Current, any Input ( Vbb^ ~ 5V, V7/v=0 to + 7V, 
all other pins not under test = 0V) 

IlL 

-10 

10 

mA 


OUTPUT LEAKAGE 

Output Leakage Current (Q is Disabled, VW= 0 to +5.5V) 

IoL 

-10 

10 

mA 

5 

OUTPUT LEVELS 

Output High (Logic 1) Voltage (Iour^ — 5mA ) 

VOH 

2.4 

Vcc 

V 

4 

Output Low (Logic 0) Voltage ( lour** 4. 2m A ) 

VOL 

0 

0.4 

V 



NOTES 

1. All voltages referenced to VSS, VBB must be applied 
before and removed after other supply voltage. 

2. Current depend on cycle rate: maximum current is 
measured at the fastest cycle rate. 

3. ICC depends upon output loading. The VCC supply is 
connected to the output buffer only. 

4. Output voltage will swing from VSS 'to VCC when 
activated with no current loading. For purposes of 
maintaining data in standby mode, VCC may be 
reduced to VSS without affecting refresh operations 
or data retention. However, the VOH (min) specifica- 
tion is not guaranteed in this mode. 

5. ICC2, ICC3 and IOL consists of leakage current only. 

6. AC measurements assume TT = 5ns. 

7. VIHC (min) or VIH (min) and VIL (max) are 
reference levels for measuring timing of input signals. 
Also, transition times are measured between VIHC or 
VIH and VILS. 

8. Assumes that TRELCEL = TRELCEL (max.) If 
TRELCEL is greater than the maximum recommended 
value shown in this table, TRELQV exceeds the value 
shown. 

9. Assumes that TRELCEL = TRELCEL (max). 

10. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF (in case of HM4716A-2:1 TTLand 50pF). 
And VSS + 0.8V, VSS + 2.0V are the reference level 
for measuring timing of Q. 


11. TCEHQZ (max) defines the time at which the output 
achieves the open circuit condition and is not re- 
ferenced to output voltage levels. 

12. Operation with the TRELCEL (max) limit insures that 
TRELQC (max) can be met TRELCEL (max) is 
specified as a reference point only; if TRELCEL is 
greater than the specified TRELCEL (max) limit, then 
access time is controlled exclusively by TCELQV. 

13. These parameters are reference to Cl leading edge in 
early write cycles and to W leading edge in delayed 
write or read-modify-write cycles. 

14. TWLCEL, TCELWL and TRELWL are not restrictive 
operating parameters. They are included in the data 
sheet as electrical characteristics only: if TWLCEL = 
TWLCEL (min), the cycle is an early write and the 
data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if TCELWL = TCELWL 
(min) and TRELWL will contain data read from the 
selected cell; if neither of the above sets of conditions 
is satisfied the condition of the data out (at access 
time) is indeterminate. 

15. Capacitance measured with Boonton Meter or effec- 
tive capacitance measuring methods.) 

16. CE = VIHC to disable Q. 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4, 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

( Ta—0 to +70'C, V»o— 12V±10%, Vcc- 5V±10%, Vss — OV, Vbb 5V±10%) 


Parameter 

Symbol 

HM4716A-1 

HM4716A-2 

HM4716A-3 | 

HM4716A-4 | 

Unit 

Notes 

Old 

New 

min 

max 

min 

max 

min 

max 

min 

max 

Random Read or Write 

Cycle Time 

tnc 

TRELREL 

320 

— 

320 

- 

375 


410 

- 

ns 


Read-Write Cycle Time 

t RWC 

.TRELREL 

320 

— 

320 

- 

375 

- 

515 

- 

ns 

8 

Page Mode Cycle Time 

tpC 

TCELCEL 

160 

— 

170 

- 

225 

- 

275 

- 

ns 


Access Time From RE 

tRAC 

TRELQV 

- 

120 

- 

150 

- 

200 


250 

ns 

8,10 

Access Time From CE 

tCAC 

TCELQV 

- 

80 

- 

100 

- 

135 

- 

165 

ns 

9, 10 

Output Buffer Turn-off 

Delay 

toFF 

TCEHQZ 

0 

35 

0 

50 

0 

60 

0 

70 

ns 

11 

Transition Time 

(Rise and Fall) 

tr 

TT 

3 

35 

3 

: 

35 

3 

50 

3 

50 

ns 

7 

RE Precharge Time 

t RP 

TREHREL 

100 

- 

100 

- 

120 

- 

150 

- 

ns 


RE Pulse Width 

tRAS 

TRELREH 

120 

10000 

150 

10000 

200 

10000 

250 

10000 

ns 


RiE Hold Time 

Irsh 

TCELREH 

80 

. 

100 

- 

135 

- 

165 

- 



CE" Pulse Width 

tCAS 

TCELCEH 

80 

10000 

100 

10000 

135 

10000 

165 

10000 



CE Hold Time 

tcSH 

TRELCEH 

120 

- 

150 

- 

200 

- 

250 

- 

■ 


RE to CE Delay Time 

Ircd 

TRELCEL 

15 

40 

25 

50 

30 

65 

40 

85 

MfcEH 

12 

CE to RE Precharge Time 

tcRP 

TCEHREL 

0 

- 

-20 

- 

-20 

- 

-20 

- 



Row Address Set-up Time 

Iasr 

TAVREL 

0 

- 

0 

- 

0 

- 

0 

- 



Row Address Hold Time 

Irah 

TRELAX 

15 

- 

20 

- 

25 

- 

-35 

- 



Column Address Set-up Time 

tASC 

TAVCEL 

-5 

- 

-5 

- 

-5 

- 

-5 

- 

ns 


Column Address Hold Time 

tcAH 

TCELAX 

40 

- 

45 

- 

55 

- 

75 

- 

ns 


Column Address Hold Time 

Reference to RE 

tAR 

TRELAX 

80 

- 

95 

- 

120 

- 

160 

- 

ns 


Read Command Set-up Time 

Ircs 

TWHCEL 

0 

- 

0 

- 

o 

- 

0 

- 

ns 


Read Command Hold Time 

Irch 

TCEHWL 

0 

- 

20 

- 

20 

- 

20 


ns 


Write Command Hold Time 

twCH 

TCELWH 

40 

- 

45 

- 

55 

- 

75 

- 

ns 


Write Command Hold Time 

Reference RE 

twCR 

TRELWH 

80 

- 

95 

- 

120 

- 

160 

- | 

ns 


Write Command Pulse Width 

twp 

TWLWH 

40 

- 

45 

- 

55 

- 

75 

' 

ns 


Write Command to RE 

Lead Time 

tRWL 

TWLREH 

50 

- 

60 

- 

80 

.. - | 

- 

100 

_ 

ns 


Write Command to CE 

Lead Time 

Icwi. 

TWLCEH 

50 

- 

60 

- 

80 

- 

100 


ns 


Data-in Set-up Time 

Ids 

TDVCEL 

0 

- 

» 

- 

0 

- 

0 

- 

ns 

13 

Data-in Hold Time 

ton 

TCELDX 

40 

- 

45 

- 

55 

- 

75 

- 

ns 

13 

Data-in Hold Time 

Referenced RE 

t DHR 

TRELDX 

80 

- 

95 

.. . J 

- 

120 

- 

160 

- 

ns 


CE Precharge Time (for 
Page-mode Cycle Only) 

tep 

TCEHCEL 

60 

- 

60 

- 

80 


100 

- 

ns 


Refresh Period 

tREF 

TRVRV 

- 

2 

- 

2 

- 

2 

- 

2 

ms 


W Command Set-up Time 

twes 

TWLCEL 

0 


j EE9 

- 


- 

n 

- 

ns 

14 

CE to RE Delay 

tcWD 

TCELWL 

60 

— 

70 

- 

95 

- 

125 

- 

ns 

14 

RE to W Delay 

t RWD 

TRELWL 

100 

— 

120 

- 

160 

- 

200 

- 

ns 

14 

RE Precharge to 

CE Hold Time 

Irpc 

TREHCEL 

0 

— 

0 

- 

0 


0 

- 

ns 



■ AC ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

typ 

max 

Unit 

Notes 

Input Capacitance (Ao-A«, D) 

Cn 

- 

5 

pF 

15 

Input Capacitance RE, CE, W 

C/2 

- 

10 

P F 

15 

Output Capacitance (Q ) 

Cq 

- 

7 

pF 

15, 16 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM471 6AP-2, HM4716AP-3, HM4716AP-4 

■ TIMING WAVEFORMS 
• READ CYCLE 



• WRITE CYCLE (EARLY WRITE) 



• READ-WRITE/READ-MODIFY- WRITE CYCLE 



• “RE ONLY” REFRESH CYCLE 
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HM4716A-1, HM471 6 A- 2, HM4716A-3, HM4716A-4 

HM471 6AP-1, HM471 6AP-2, HM4716AP-3, HM4716AP-4 


• PAGE MODE READ CYCLE 



• PAGE MODE WRITE CYCLE 



0 HITACHI 
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TRELQV( .Mormarized) 

-Average Supply Current loot (mA) TRELQV( Normarized) 


HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM4716AP-2, HM4716AP-3, HM4716AP-4 

■ TYPICAL CHARACTERISTICS 


ACCESS TIME (NORMARIZED) vs. V„ c 



10 11 12 13 14 

Supply Voltage VDD (V) 


ACCESS TIME (NORMARIZED) vs. Tj 



-10 , 20 50 80 110 

Junction Temperature T, (*C) 


IDDI vs. T 



ACCESS TIME (NORMARIZED) vs. V, s 


§ 

I l.o 


T,= 50°C 

















~3 -4 -5 -6 -7 

Supply Voltage VBB (V) 


IDDI vs. V DD 



10 11 12 13 14 


Supply Voltage Vdd iV,' 



0 12 3 4 


Junction Temperature T, CC) 


Cycle Rate (1/TRELREL) (MHz) 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM4716AP-1, HM471 6AP-2, HM4716AP-3, HM4716AP-4 


CLOCK INPUT LEVELS vs. V„ 



li 12 13 14 

Supply Voltage Von .'V' 


CLOCK INPUT LEVELS vs. Tj 



- 10 20 50 80 no 

Junction Temperature T ; (”C> 


ADDRESS AND DATA INPUT 
LEVELS vs. V„ 



Supply Voltage Vbb (V) 


CLOCK INPUT LEVELS vs. V»» 



Supply Voltage Vbh V/ 


ADDRESS AND DATA INPUT 
LEVELS vs. Vdd 



10 11 12 13 


Supply Voltage Vpp (V' 


ADDRESS AND DATA INPUT 
LEVELS vs. Tj 



Junction Temperature T ( *C ) 
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HM4716A-1, HM4716A-2, HM4716A-3, HM4716A-4 

HM471 6AP-1 , HM471 6AP-2, HM4716AP-3, HM4716AP-4 


APPLICATION INFORMATION 

• READ CYCLE; 

A read cycle begins with addresses stable and a negative 
going transistion of TTE. The time delay between the stable 
address and the start of RE-on is controlled by parameter 
TAVREL. _ 

Following the time when RE reaches its low level, the row 
address must be held stable long enough to be captured. 

This controlling parameter is TRELAX. Following this 
interval, the address can be changed from row address to 
column address. 

When the column address is stable, CE can be turned on. 

The leading edge of CE is controlled by parameter 
TRELCEL. __ 

The basic limit on the CE leading edge is that CE - cannot 
start until the column address is stable, and this is 
controlled by parameter TAVCEL. 

The column address must be held stable long enough to be 
captured. 

The controlling parameter is TCELAX. Note that 
TRELCEL(max) is not an operating limit of the HM4716A 
though its specification is listed on the data sheets. If CE 
becomes on later than TRELCEL(max), the access time 
from RE* will be increased by the time which TRELCEL 
exceeds TRELCEL(max). 

Following the time when (TE reaches its low level, the 
data-out pin remains in a high impedance state until a valid 
data appears. This parameter is TCELQV-access time from 
CEl The access time from RE-TRELQV is the time from 
WE-on to valid Q. The minimum value of TRELQV is 
derived as the sum of TRELCEL(max) and TCELQV. The 
selected output data is held valid internally until CE 
becomes high> and then Q pin becomes high impedance. 
This parameter is TECHQZ. 

• WRITE CYCLE; 

A write cycle is performed by bringing W low before or 
during CE-on. 

Two different write cycles can be defined as; 

Write cycle — Write data are available at the beginning of 
the iCI-on so that the write operation starts at the begin- 
ning, In this mode, D and W signal times are not in any 
critical path for determining cycle time. 

Following the time when W reaches its low level. W must be 
held stable long enough to be captured. This W-on pulse 
duration is called TWLWH. 

The time required to capture write data in a latch is called 
TWLDX. 

This cycle is called an "early write" 

Read Write cycle — This cycle starts as a read cycle, but as 
soon as the device specification is met, a write cycle is 
initiated. W and D are delayed until after Q. This cycle is 
called a "delayed write". A "Read-modify-write" cycle is a 
variation of this operation. In this mode, D and W become 
critical path signals for determining cycle time. 


• CLOCK-OFF TIMING; 

RE and CE: must stay on for Q stabilized to valid data. In 
the case of CE, this is controlled by parameter TCELCEH 
(min). In the case of RE, this controlled by parameter 
TCELREH(min). __ 

Following the end of RE, CE must stay off long enough to 
precharge internal circuits. The only parameter of concern 
is TREHREL. 

Normally CE is not required to be off for a minimum time 
of TCEHREL. 

However, in a page mode memory operation, there is a 
TCEHCEL(min) specification to control the CE-off time. 

• DATA OUTPUT; 

Q is three-state TTL compatible with a fan-out of two 
standard TTL loads. 

When CE is high, Q is in a high impedance state. When CEf is 
low, valid data appears after TCELQV at a read cycle and Q 
is not valid at an early-write cycle. 

• REFRESH; 

Refresh of the HM4716A is accomplished by performing A 
memory cycle at each of the 128 row addresses within each 
two millisecond time interval. 

Any cycle in which W! signal occurs refreshes the entire 
selected row. 

R¥-only refresh results in substantial reduction in operating 
power. 

This reduction in power is reflected in the IDD3 specifica- 
tion. 

• PAGE MODE; 

Page mode operation allows faster successive memory 
operations at multiple column locations of the same row 
address with increased speed. 

This is done by strobing the row address into the chip and 
maintaining RE at a logic low throughout all successive CE 
memory cycles in which the row address is latched. As the 
time normally required for strobing a new row address is 
eliminated, access and cycle times can be decreased and the 
operating power is reduced. These are reflected in the 
TCELQV, TCEHCEL, IDD4 specifications. 
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HM4816A-3, HM4816A-3E, 

HM4816A-4, HM4816A-7, 
HM4816AP-3, HM4816AP-3E, 
HM4816AP-4, HM4816AP-7 


16384- word by 1-bit Dynamic Random Access Memory 

The HM4816A is a rysw generation MOS dynamic RAM circuit 
organized as 16,384 words by 1 bit. As a state-of-the art MOS 
memory device, the HM4816A (16K RAM) incorporates advanced 
circuit techniques designed to provide wide operating margins, both 
internally and to the system user, while achieving performance levels 
in speed and power. 

The use of dynamic circuitry throughout, including sense amplifiers, 
assures that power dissipation is minimized without any sacrifice in 
speed or operating margin. These factors combine to make the 
HM4816A a truly superior RAM product. Multiplexed address 
inputs permits the HM4816A to be packaged in standard 16-pin DIP. 
Non-critical clock timing requirements allow use of the multiplexing 
technique while maintaining high performance. 

■ FEATURES 

• Single 5V supply 

Low power standby and operation 

(Standby: IlmW max., operation: 150mW max.) 

• Fast access time & cycle time 



HM4816A-3 

HM4816AP-3 

HM4816A-3E 

HM4816AP-3E 

HM4816A-4 

HM4816AP-4 

HM4816A-7 

HM4816AP-7 

Maximum Access 

Time (ns) 

100 

105 

120 

150 

Read, Write Cycle 

(ns ) 

235 

200 

270 

320 

Read-Modi fy -Write 
Cycle (ns) 

285 

235 

320 

410 


• Directly TTL compatible: All inputs & outputs 

• Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 


ary. 

• Common I/O capability using "easy write" operation. 

• Read modify write, RAS only refresh and page mode capability 

• Only 128 refresh cycle required every 2ms 

• Compatible with Intel 21 18-3/-4/-7 

■ BLOCK DIAGRAM 



HM4816A-3, HM4816A-3E, 
HM4816A-4, HM4816A-7 



(DG-16B) 


HM4816AP-3, HM4816AP-3E, 
HM4816AP-4. HM4816AP-7 



(DP-16) 


■ PIN ARRANGEMENT 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, 

HM481 6AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 

■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

HM4816A or AP 

Unit 

Voltage on any pin relative to GND 

Vt 

-1.0 - +7.0 

V 

Power supply voltage relative to GND 

Vcc 

-0.5 - +7.0 

V 

Short-circuit Output Current 

Iou » 

50 

mA 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature 

Topr 

0 - +70 

‘C 

Storage Temperature 

Cerdip 

T,ig 

-65 - +150 

°c 

Plastic 

-55 ~ +125 

e c 


■ RECOMMENDED DC OPERATING CONDITIONS 


Item 

Symbol 

min 

typ 

max 

Unit 

Notes 

Supply voltage 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

V 

1,2 

Input high (logic 1) voltage RAS, CAS, WE 

VlHC 

2.4 

- 

7.0 

V 

1 

Input high (logic 1) voltage except RAS, CAS, WE 

V,H 

2.4 

- 

7.0 

V 

1 

Input low (logic 0) voltage all inputs 

V,L 

-2.0 

- 

0.8 

V 

1 


Notes -1. All voltage referenced to Vss. 

2. Output voltage will swing from Vss to Vcc when activated with no current loading. 


■ DC AND OPERATING CHARACTERISTICS (, > 

(Ta— 0‘C to 70"C, Vcc— 5V±10%, Vss ”0V, unless otherwise noted.) 


Parameter 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Notes 

Input Load Current (any input) 

1 Iu | 

V/,v— Vss to Vcc 

- 

0.1 

10 

f*k 


Output Leakage Current for 
High Impedance State 

1 ho | 

Chip Deselected;CAS at 

V IH , Vcn/r-0to5.5V 


0.1 

10 

M 


Vcc Supply Current. Standby 

Icci 

CAS and RAS at Vm 

HM4816AP-3, 4,7 

HM4816A-3, 4, 7 

- 

1.2 

2 

mA 





HM4816A, AP-3E 

- 

1.2 

3 

mA 




HM4816A, AP-3 Irc*** Ircmin 

- 

23 

27 

mA 

3 

Vcc Supply Current. Operating 

Icc 2 

HM4816A, AP-3E f«c~ Ircmin 

- 

27 

35 

mA 

3 

HM4816A, AP-4 tRc** Ircmin 

- 

21 

25 

mA 

3 



HM4816A, AP-7 f« c = **c*/.v 

- 

19 

23 

mA 

3 



HM4816A, AP-3 f R c= / rcm/jv 

- 

16 

18 

mA 

3 

Vcc Supply Current ; 

ICC 3 

HM4816A, AP-3E /«c=/«cm/-v 

- 

20 

25 

mA 

3 

RAS -Only Cycle 

HM4816A, AP-4 f«c = f R cM/Af 

- 

14 

16 

mA 

3 



HM4816A, AP-7 f«c— fscw/w 

- 

12 

14 

mA 

3 

Vcc Supply Current. 

Standby. Output Enabled 

ICC 5 

CAS at Vil , RAS at V, H 

- 

3 

6 

mA 

3 

Output Low Voltage 

V OL 

loi^ 4.2m A 

0 

- 

0.4 

V 


Output High Voltage 

VOH 

/oh*— 5mA 

2.4 

- 

Vcc 

v 



Notes : 1. All voltages referenced to Vss. 

2. Typical values are for 7a— 25'C and nominal supply voltages. 

3. Icc is dependent on output loading when the devices output is selected. Specified Icc MAX is measured with the output open. 


■ CAPACITANCE (Ta=25°C, Vcc == 5V±10%, Vss^OV, unless otherwise noted.) 


Parameter 

Symbol 

typ 

max 

Unit 

Address. Data In 

Cn 

3 

5 

pF 

RAS, CAS, WET Data Out 

C/2 

4 

7 

pF 


Notes ! Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C°° with AV equal to 3 volts and power supplies at nominal levels. 


230 


<§> HITACHI 



HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7, 

HM481 6AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 


■ AC CHARACTERISTICS [lX3) (Ta= 0°C to 70°C, Vbc-5V± 10%, V ss = 0V, unless otherwise noted.) 

• READ, WRITE, READ -MODIFY- WRITE AND REFRESH CYCLES 




HM4816A-3 

HM4816A-3E 

HM4816A-4 

HM4816A-7 



Parameter 

Symbol 

HM4816AP-3 

HM4816AP-3E 

HM4816AP-4 

HM4816AP-7 

Unit 

Notes 



min 

max 

min 

max 

min 

max 

min 

max 



Access Time From RAS 

tRAC 

- 

100 

- 

105 

- 

120 

- 

150 

ns 

4,5 

Access Time From CAS 

tcAC 

- 

55 

- 

60 

- 

65 

- 

80 

ns 

4, 5,6 

Time Between Refresh 

tREh 

- 

2 

- 

2 

- 

2 

- 

2 

ms 


RAS Precharge Time 

t RP 

110 

- 

70 

- 

120 

- 

135 

- 

ns 


CAS Precharge Time 
(non-page cycles) 

tcPN 

50 

- 

50 

- 

55 

- 

70 


ns 


CAS to RAS Precharge Time 

tcRP 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


RAS to CAS Delay Time 

t RCD 

25 

45 

25 

45 

25 

55 

25 

70 

ns 

7 

RAS Hold Time 

Irsh 

70 

- 

60 

- 

85 

- 

105 

- 

ns 


CAS Hold Time 

tcSH 

100 

- 

105 

- 

120 

- 

165 

- 

ns 


Row Address Set-up Time 

Iasr 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Row Address Hold Time 

Ik AH 

15 

- 

15 

- 

15 

- 

15 

- 

ns 


Column Address Set-up Time 

Iasc 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

ICAH 

15 

- 

25 

- 

20 

- 

20 

- 

ns 


Column Address Hold Time to RAS 

Iar 

60 

- 

70 

- 

75 

_ 

90 

- 

ns 


Transition Time (Rise and Fall ) 

It 

3 

50 

3 

50 

3 

50 

3 

50 

ns 

8 

Output Buffer Turn Off Delay 

t Oh'F 

0 

45 

0 

50 

0 

50 

0 

60 

ns 



•READ AND REFRESH CYCLES 


Random Read Cycle Time 

Irc 

235 

- 

200 

- 

270 

- 

320 

_ 

ns 


RAS Pulse Width 

tkAS 

115 

10000 

105 

10000 

140 

10000 

175 

10000 

ns 


CAS Pulse Width 

tcAS 

55 

10000 

60 

10000 

65 

10000 

95 

10000 

ns 


Read Command Set-up Time 

tRCS 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time 

Irch 

10 

- 

10 

- 

10 

- 

10 

- 

ns 



• WRITE CYCLE 


Random Write Cycle Time 

Irc 

235 


200 

- 

270 

- , 

320 

- 

ns 


RAS Pulse Width 

Iras 

115 

10000 

105 

10000 

140 

10000 

175 

10000 

ns 


CAS Pulse Width 

tcAS 

55 

10000 

60 

10000 

65 

10000 

95 

10000 

ns 


Write Command Set-up Time 

twcs 

0 

- 

0 

- 

0 


0 

- 

ns 

9 

Write Command Hold Time 

twcH 

25 

- 

30 

- 

30 


45 

- 

ns 


Write Command Hold Time to RAS 

twCR 

70 

- 

75 

- 

85 

- 

115 

- 

ns 


Write Command Pulse Width 

twp 

25 

- 

30 

- 

30 

- 

50 

- 

ns 


Write Command to RAS Lead Time 

t RW L 

60 

~ 

45 

- 

65 

- 

110 

- 

ns 


Write Command to CAS Lead Time 

tcWL 

45 

- 

45 

- 

50 

- 

100 

- 

ns 


Data-in Set-up Time 

Ids 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


Data-in Hold Time 

ton 

25 

- 

30 

- 

30 

- 

45 

- 

ns 


Data-in Hold Time to RAS 

tpHR 

70 

- 

75 

- 

85 

- 

115 

- 

ns 



• READ- MODIFY- WRITE CYCLE 


Read-Mod\fy-Write Cycle Time 

tRWC 

285 

- 

235 

- 

320 

- 

410 

- 

ns 


RMW Cycle RAS Pulse Width 

Irrw 

165 

10000 

155 

10000 

190 

10000 

265 

10000 

ns 


RMW Cycle CAS Pulse Width 

tcRW 

105 

10000 

110 

10000 

120 

10000 

185 

10000 

ns 


RAS to WE Delay 

Irwd 

100 

- 

105 

- 

120 

- 

150 

- 

ns 

9 

CAS to WE Delay 

tc.WD 

55 

- 

60 

- 

65 

- 

80 

- 

ns 

9 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM481 6AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 


Notes: 

1. All voltages referenced to Vgg 

2. Eight cycles are required after powe r-up or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles which 
perform refresh are adequate for this purposes. 

3. AC Characteristics assume tj*Sm 

4. Assume that tpcD ^ *RCD (max.) If t R cD is greater 
than tficp (max.) then tp A c increase by the 
amount that tpcD exceeds tpcD (max.) 

5. Load = 2 TTL Loads and lOOpF 

6. Assumes tpcD ^ tRCD (max.) 


■ WAVEFORMS 


7. tRCD (max.) is specified as a reference point only. If 
*RCD is less than f/*CD (max.) access time is t RA c If 
tRCD is greater than tRco (max.) access time is + 
tCAO 

8. t T is measured between V IM (min.) and Vji (max.) 

9. twcs> { cwd and { r wd are specified as reference points 
only. If twcs = twcs (min.) the cycle is an early write 
cycle and the data out pin will remain high impedance 
throughout the entire cycle. If tQWD ^ tcwD (min.) 
and t R w D ^ tR wd (min.), the cycle is a read-modify- 
write cycle and the data out will contain the data read 
from the selected address if neither of the above 
conditions is satisfied, the condition on the data out is 
indeterminate. 


• READ CYCLE 



• WRITE CYCLE 



Notes: 

1.2. V IH MIN and V IL MAX are reference levels for meas- 
uring timing of input signals. 

3.4. Voh MIN and Vol MAX are reference levels for 
measuring timing of Dqut* 

5. tQpp is measured to loUT L ______ 

6. t^s and tp H are referenced to CAS or WE, whichever 
occurs last. 


is referenced to the trailing edge of CAS or 
whichever occurs first. 


8. tcRp requirement is only applicable for RAS/CAS 
cycles proceeded by a CAS-only cycle (i.e., for system 
where CAS has not been decoded with RAS). 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM481 6AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 


• READ-MODIFY-WRITE CYCLE 



• RAS-ONLY REFRESH CYCLE 



Oout 


VoH 

VoL 


High 

Impedance 


•HIDDEN REFRESH CYCLE 



Notes: 

1.2. V m MIN an( l V IL MAX an( l reference levels for 
measuring timing of input signals. 

3-4. VoH MIN an<i v OL MAX are reference levels for 
measuring timing of Dqut* 

5. t off is measured to I OUT £ 1 J LO l 

6. tDS an< ^ tDH are referenced to CAS or WE, whichever 
occurs last. 


7. tR C f i is referenced to the trailing edge of CAS or 

RAS, whichever occurs first. 

8. toRp requirement is only applicable for RAS/CAS 
cycles prece eded by a CAS-only cycle ( i.e., f or systems 
where CAS has not been decoded with RAS). 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM481 6AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 

■ DC AND AC CHARACTERISTICS, PAGE MODE 

(7a— 0°C to 70 9 C, Vcc == 5V±10%, Vss^OV, unless otherwise noted.) 


Parameter 

Symbol 

HM4816A-3 

HM4816AP-3 

HM4816A-3E 

HM4816AP-3E 

HM4816A-4 

HM4816AP-4 

HM4816A-7 

HM4816AP-7 

Unit 



min. 

max. 

min. 

max. 

min. 

max. 

min. 

max. 


Page Mode Read or Write Cycle 

tpc 

125 

- 

130 

- 

145 

- 

190 

- 

ns 

Page Mode Read Modify Write Cycle 

t PCM 

175 

- 

180 

- 

200 

- 

280 

- 

ns 

CAS Precharge Time, Page Cycle 

tcp 

60 

- 

60 

- 

70 

- 

85 

- 

ns 

RAS Pulse Width, Page Mode 

tRPM 

115 

10000 

105 

10000 

140 

10000 

175 

10000 

ns 

CAS Pulse Width 

tcAS 

55 

10000 

60 

10000 

65 

10000 

95 

10000 

ns 

Vdd Supply Current Page Mode. 

Minimum tpc- Minimum tcAS 

Idd\ 

- 

23 

- 

23 

- 

21 

- 

18 

m A 


• PAGE MODE READ CYCLE 



Notes: 

I. 2. V IH M IN and V IL MAX are reference levels for 

measuring timing of input signals. 

3.4. V OH min and v OL MAX are reference levels for 
measuring timing of DquT* 

5. t 0FF is measured to loUT % >7 lq I. 

6. t F cH * s referenced to the trailing edge of CAS or 
RAS, whichever occurs first. 

7. All voltages referenced to V$s- 

8. AC Characteristic assume f7^=5ns. 

9. See the typical characteristics section for values of this 

parameter under alternate conditions. 

10. tcRp requirement is only applicable for RAS/CAS 
cycles prece eded by a CAS-only cycle (i.e., f or systems 
where CAS has not been decoded with RAS). 

II. All previous specified A.C. and D.C. characteristics are 
applicable to their respective page mode device. 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM4816AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 


• PAGE MODE WRITE CYCLE 



• PAGE MODE READ-MODIFY-WRITE CYCLE 



1.2. V IH mJN and V IL MAX are reference levels for 
measuring timing of input signals. 

3.4. V OH m IN and V OL M AX are reference levels for 
measuring timing of Dqut- 

5. t 0 pp is measured to IoUT^ i {lo1 • 

6. t[)s and t^fj are referenced to CAf or WE, whichever 

occurs last. 

7. tnc.H is referenced to the trailing edge of CAS or 

RAS, whichever occurs first. 

8. t CR p requirement is only applicable for RAS/CAS, 
cycles prece eded by a CAS-only cycle (i.e., f or systems 
where CAS has not been decoded with RAS). 
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HM4816A-3, HM4816A-3E, HM4816A-4, HM4816A-7 

HM481 6AP-3, HM4816AP-3E, HM4816AP-4, HM4816AP-7 

• Typical Characteristics of HM4816A 


TYPICAL ACCESS TIME t c *c vs. V cc 



TYPICAL OPERATING CURRENT l CC 2 
vs. CYCLE RATE 



Cycle Rate (l/t«c» (MHz) 


TYPICAL STANDBY CURRENT Ice. 
vs. Vcc 



TYPICAL OPERATING CURRENT Ice* 
vs. Vcc 



Vcc (V) 


• TYPICAL SUPPLY CURRENT WAVEFORMS 


TYPICAL Ice vs. Vcc DURING POWER UP 


RAS/CAS Cycle Long RAS/CAS Cycle RAS Only Cycle 


M r 

\ r "i 

1 

80 

40 fW 

h 

L ft r a a ft:: k 

0 -11 

— H h—' 

w i j uj ^ — > u ^ ^ 

-50ns Note - 

Vcc = 5.0 V 

Ta= 20‘C 










RA! 

>, CAS= Vss 

k 




J 

A 

RA 

S,CAS=Vc, 

| 


0 1 2 3 4 5 6 

Vcc (V) 
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HM4864-2, HM4864-3 

HM4864P-2, HM4864P-3 


65536- word x 1-bit Dynamic Random Access Memory 

The HM4864 is a 65,536-words by 1-bit, MOS random access 
memory circuit fabricated with HITACHI'S double-poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4864 uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. 

Multiplexed address inputs permit the HM4864 to be packaged in a 
standard 16 pin DIP on 0.3 inch centers. 

This package size provides high system bit densities and is 
compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 
+5V with ±10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize "false triggering" of the inputs, on-chip 
address and data registers which eliminate the need for interface 
registers, and two chip select methods to allow the user to determine 
the appropriate speed/power characteristics of this memory system. 
The HM4864 also incorporates several flexible timing/operating 
modes. 

In addition to the usual read, write, and read-modify-write cycles, the 
HM4864 is capable of delayed write cycles, page-mode operation 
and RAS-only refresh. 

Proper control of the clock inputs (RAS, CAS, and WE) allows 
common I/O capability, two dimensional chip selection, and 
extended page boundaries (when operating in page mode). 


HM4864-2, HM4864-3 

(DG-16A 


H M 4864P -2, HM 4864P - 

(DP-161 

-3 

i 


■ FEATURES 

• Recognized industry standard 16-pin configuration 

• 150ns access time, 270ns cycle time (HM4864-2, HM4864P-2) 

• 200ns access time, 335ns cycle time (HM4864-3, HM4864P-3) 

• Single power supply of +5V±10% with a built-in Vqb generator 

• Low Power; 330 mW active. 20 mW standby (max) 

• The inputs TTL compatible, low capacitance, and protected 
against static charge 

• Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 
ary 

• Common I/O capability using "early write" operation 

• Read-Modify-Write, RAS-only refresh, and Page-mode capability 

• 128 refresh cycle 


■ PIN ARRANGEMENT 



(Top View) 

Ao-Ar 

Address Inputs 

CAS - 

Column Address Strobe 

Din 

Data In 

Dout 

Data Out 

RAS 

Row Address Strobe 

WE 

Read/Write Input 

Vcc 

Power ( + 5V) 

Vss 

Ground 

Ao-As 1 

Refresh Address Input 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


■ FUNCTIONAL BLOCK DIAGRAM 


R/W Clock 
Generator 


RAS o-J J* AS Clock 
Generator 


CAS Clock 
Generator 




j| Memory 
Array 


Memory 

Array 


JCidd Row Dec. 


Memory 

Array 


Memory 

Array 


Row Dec py cfcj Row Dec. 


If 


Memory 

Array 


Memory 

Array 


Memory 

Array 


Memory 

Array 


Data in 
Buffer 


Data out 
Buffer 


> Din 

> Dout 


► Vcc 

> V SS 


■ ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative 

to V§§ -1 .0 to +7V 

Operating Temperature, Ta 

(Ambient) 0to+70°C 

Storage Temperature 

(Ambient) -65 to +150°C (Cerdip) 

-55 to +125°C (Plastic) 
Short-circuit Output Current . 50 mA 
Power Dissipation 1 W 


■ RECOMMENDED DC OPERATING CONDITIONS (7a=0 to +70°C) 


Parameter 

Symbol 

min 

typ 

max 

Unit 

Notes 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

0 

0 

0 

V 

Input High Voltage 

v,„ 

2.4 

- 

6.5 

V 

1 

Input Low Voltage 

Vn 

-1.0 


M 1 

V 

1 


■ DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70 6 C, Vcc-5V±10%, Kss-OV) 


Parameter 

Symbol 

min 

max 

Unit 

Notes 

OPERATING CURRENT 

Average Power Supply Operating Current (RAS, CAS Cycling; fse — min.) 

Icc 1 

- 

60 

mA 

2,4 

STANDBY CURRENT 

Power Supply Standby Current (RAS — Vih, Dout —High Impedance) 

Iccz 

- 

3.5 

mA 

2 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS — Vih; t «c“ min.) 

Icc 3 

- 

45 

mA 

2,4 

PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 
(RAS — V/a, CAS Cycling; Jpc — min.) 

Icc 4 

- 

45 

mA 

2,4 

INPUT LEAKAGE 

Input Leakage Current, any Input (Vi,— 0 to +6.5V, all other pins not 
under test— OV ) 

Iu 

-10 

10 

M 


OUTPUT LEAKAGE 

Output Leakage Current (Dout is disabled, V 011 i — 0 to +5.5V) 

Ilo 

-10 

10 

M 

3 

OUTPUT LEVELS 

Output High (Logic 1) Voltage (/.,<— —5mA ) 

Output Low (Logic 0) Voltage (Io»t —4.2mA ) 

Voh 

VOL 

2.4 

0 

Vcc 

0.4 

V 

V 



NOTES 

1. All voltages referenced to Vgg. 

2. Ice depends on output loading condition when the device is selected. Ice max - * s specified at the output open condition. 

3. Ilo consists^of leakage current only. 

4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


■ AC ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

typ 

max 

Unit 

Notes 

Input Capacitance (Ao-A7,Din) 

C„. 

- 

7 

pF 

1 

Input Capacitance (RAS, CAS, WE) 

Cm 2 

- 

10 

pF 

1 

Output Capacitance (Dout ) 

Cou, 

- 

7 

pF 

1,2 


NOTES 

1* Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS s V IH to disable Dqut- 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 1) 2 

(7a-0 to -f 70°C, Vcc“ =t 5V±10%, Vss — OV) 


Parameter 

Symbol 

| HM 4864-2 /P-2 

| HM4864-3/P-3 

Unit 

Notes 

min 

max 

min 

max 

Random Read or Write Cycle Time 

f ft C 

270 

- 

335 

- 

ns 


Read-Write Cycle Time 

Irwc 

270 

- 

335 

- 

ns 


Page Mode Cycle Time 

tpc 

170 

“ 

225 

- 

ns 


Access Time from RAS 

iRAC 

- 

150 

- 

200 

ns 

4,6 

Access Time from CAS 

tcAC 

- 

100 

- 

135 

ns 

5,6 

Output Buffer Turn-off Delay 

t OFF 

0 

40 

0 

iso 

ns 

7 

Transition Time (Rise and Fall) 

tr 

3 

35 

3 

50 

ns 

3 

RAS Precharge Time 

Irp 

100 

- 

120 

- 

ns 


RAS Pulse Width 

tRAS 

150 

10000 

200 

10000 

ns 


RAS" Hold Time 

Irsh 

100 

1 

135 

- 

ns 


CAS" Pulse Width 

tcAS 

100 


135 

- 

ns 


CAS" Hold Time 

tcSH 

150 

- 1 

200 

_ 

ns 


RAS to CAS Delay Time 

t RCD 

20 

50 

25 

65 

ns 

8 

CAS to RAS Precharge Time 

tcRP 

-20 

- 

-20 

- 

ns 


Row Address Set-up Time 

Iasr 

0 


0 

- 

ns 


Row Address Hold Time 

tRAH 

20 

- 

25 

- 

ns 


Column Address Set-up Time 

tASC. 

-10 

- 

-10 

- 

ns 


Column Address Hold Time 

ICAH 

45 

- 

55 

- 

ns 


Column Address Hold Time referenced to RAS 

tAR 

95 

- 

120 

1 i 

ns 


Read Command Set-up Time 

tRCS 

0 

- 

0 

~ i 

ns 


Read Command Hold Time 

tRCH 

0 

- 

0 

- 

ns 


Write Command Hold Time 

twCH 

45 

- 

55 

- 

ns 


Write Command Hold Time referenced to RAS 

twCR 

95 

- 

120 

- 

ns 


Write Command Pulse Width 

twp 

45 

- 

55 

- 

ns 


Write Command to RAS Lead Time 

Irwl 

45 

- 

55 

- 

ns 


Write Command to CAS Lead Time 

tcWL 

45 

- 

55 

- 

ns 


Data-in Set-up Time 

tos 

0 

- 

0 

- 

ns 

9 

Data-in Hold Time 

toH 

45 

- 

55 

- 

ns 

9 

Data-in Hold Time referenced to RAS 

tDHR 

95 

- 

120 

- 

ns 


CAS Precharge Time (for Page-mode Cycle Only) 

tcp 

60 

- 

80 

- 

ns 


Refresh Period 

tREF 

- 

2 

- 

2 

ms 


Write Command Set-up Time 

twcs 

-20 

- 

-20 

- 

ns 

10 

CAS" to WE Delay 

tcWD 

60 

- 

80 

- 

ns 

10 

RAS" to WE Delay 

tRWD 

110 

- 

145 

- 

ns 

10 

RAS Precharge to CAS Hold Time 

t RPC 

0 

- 

0 

- 

ns 



NOTES 

1. AC measurements assume tj> = 5ns. 

2 . 8 cycles are required after p ower- on or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 

3. Vjfj (min) and Vji (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and Vj L . 

4. Assumes that t R co< f RCD (max). If t R cD is greater 
than the maximum recommended value shown in this 
table t Rj 4 £• exceeds the value shown. 

5. Assumes that t R cD*Z t RCD (max). 

6 . Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

7. tQpp (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

8 . Operation with the t R Q D (max) limit insures that 


tRAC (max) can be met, t R ^Q (max) is specified as a 
reference point only; if t R co is greater than the 
specified t R cD (max) limit, then access time is 

controlled exclusively be tcAC • 

9. These parameters are refe rence to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. twcs, tcWD and *RWD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if twcs <= twcs (mm), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if tcwD ^ *CWD (min) and 
tRWD (min) the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 

■ TIMING WAVEFORMS 
• READ CYCLE 



• WRITE CYCLE 



• READ- WRITE/READ-MODIFY- WRITE CYCLE 


2 - 








Supply Current /cci(Operation) (mA) Supply Current lea (Operation ) (mA) Access Time /*ac( Normalized) 


HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


■ TYPICAL CHARACTERISTICS 

ACCESS TIME 



4.0 4.5 5.0 5.5 6.0 


Supply Voltage Vcc (V) 


ACCESS TIME 

vs. AMBIENT TEMPERATURE 


§ 

I 



-20 10 40 70 loo 


Ambient Temperature Ta (*C) 


SUPPLY CURRENT 



Supply Voltage Vcc (V) 


SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



Ambient Temperature Ta CC) 


SUPPLY CURRENT 
vs. CYCLE RATE 



Cycle Rated/ tuc) (MHz) 


| 

1 


SUPPLY CURRENT 



Supply Voltage Vcc (V) 
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Supply Current lea (Stand By) (mA) 


HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 


V'rc = 5.5 
RTS.CA 

— 

V 

;= Vim 



— 







j 



1 



10 40 70 100 

Ambient Temperature Ta (*C) 


SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



Ambient Temperature Ta (*C) 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



Supply Voltage Vrt ( V' 


SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



Supply Voltage Vcc (V) 


SUPPLY CURRENT 
vs. CYCLE RATE 



Cycle Rate ( l/t*c)( MHz) 


SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



Ambient Temperature Ta : *C 
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Clock Input Level (V) Ai.Din Input Level (V) Supply Current lea (Page Mode Cycle) (mA) 


HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


SUPPLY CURRENT 
vs. CYCLE RATE 



INPUT LEVEL 



'.‘>1 I L I I 

4.o 4.:. r >.o S.5 6.0 


Supply Voltage V'cr (Vl 


INPUT LEVEL 

vs. AMBIENT TEMPERATURE 



Ambient Temperature Ta (’C) 


CLOCK INPUT LEVEL 
vs. SUPPLY VOLTAGE 



CLOCK INPUT LEVEL 

vs. AMBIENT TEMPERATURE 



Ambient Temperature Ta (*C) 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 



Nr>te ; Vic » 5.0V. To *‘20*c 


—I |— « 


■ APPLICATION INFORMATION 
• POWER ON 

An initial pause of 500 /us is required after power-up and a 
minimum of eight (8) initialization cycle, (any combination of 
cycles containing a HAS clock such as RA§-only refresh) must 
follow an initial pause. 

The Vqc current (Iqc) requirement of the HM4864 during 
power on is, however, dependent upon the input levels (RAS, 
CAS) and the rise time of Vqc, as shown in Fig. 1 . 

•READ CYCLE 

A read cycle begins with addresses stable and a negative going 
transition of RAS. The time delay between the stable address 
and the start of RAS-on is controlled by parameter t^sR • 
Following the time when RAS reaches its low level, the row 
address must be held stable long enough to be captured. This 
controlling parameter is tRAH • Following this interval, the 
address can be changed from row address to column address. 
When the column address is stable, CAS can be turned on. The 
leading edge of CAS is controlled by parameter f/?co • The 
basic limit on the CAS leading edge is that CAS can not start 
until the column address is stable, and this is controlled by 
parameter tASC • The column address must be held stable long 
enough to be captured. The controlling parameter is tQAH- 
Note that f/?cD (max) is not an operating limit of the 
HM4864 though its specification is listed on the data sheets. If 
CAS becomes on later than tRco (max), the access time from 
RAS will be increased by the time which t^cD exceeds tRco 
(max). 

Following the time when CAS reaches its low level, the 
data-out pin remains in a high impedance state unti l a va lid 
data appears. This parameter is tcAC -access time from CAS. 
The access time from RAS~f^c-' s the time from RAS ‘ on 
to valid Dout. 

The minimum value of tRAC is derived as the sum of t RC D 

(max) and tcAC- 

The selected output data is held valid internally until CAS 
becomes high, and then Dout pin becomes high impedance. 
This parameter is toFF • 



<) 10 20 30 40 50 

Time l /is' 

t, i IVc rise nmi> 1 = 10, i* 



Time (/i si 

M t, <■ rise time ) “ 100/is 


Fig. 1 I cc vs. Vcc during power up. 
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HM4864-2, HM4864-3, HM4864P-2, HM4864P-3 


• WRITE CYCLE _ 

A write cycle is performed by bringing WE low 
before or during CAS-on. 

Two different write cycles can be defined as; 

Write cycle— Write data are available at the beginning 
of the CAS-on so that the write operation starts at 
the beginning. In this mode, Dout and WE signal 
times are not in any critical path for determining 
cycle time. 

Following the time when WE reaches its low level, 
WE must be held stable long enough to be captured. 
This WE-on pulse deration is called twp. The time 
required to capture write data in a latch is called 
tDH' This cycle is called an "early write". 

Read Write cycle— This cycle starts as a read cycle, 
but as soon as the device specification is met, a 
write cycle is initiated. 

WE and Din are delayed until after Dout. This cycle 
is called a "delayed write". A "Read-modify-write" 
cycle is a variation of this operation. In this mode. 
Din and WE become critical path signals for 
determining cycle time. 

• CLOCK-OFF TIMING 

RAS and CAS must stay on for Dout stabilized to 
valid data. In the case of CAS, this is controlled by 
parameter tcAS (min). 

In the case of RAS, this is controlled by parameter 
t CAS (min). Following the end of RAS, CAS must 
stay off long enough to precharge internal circuits. 
The only parameter of concern is tpp. Normally 
CAS is not required to be off for minimum time of 
t CRP • However, in a page mode memory operation, 
there is a tcp (min) specification to control the 
CAS-off time. 

• DATA OUTPUT 

Dout is three-state TTL compatible with a fan-out 
of two standard TTL loads. 

When CAS i s hig h, Dout is in a high impedance 
state. When CAS is low, valid data appears after 
t CAC at a read cycle, and Dout is not valid as an 
early-write cycle. 


• REFRESH 

Refresh of the HM4864 is accomplished by per- 
forming a memory cycle at each of the 128 row 
addresses within each two millisecond time interval. 
AO to A6 are refresh address pin compatible with 
standard 16K RAM (HM4716A, HM4816A). During 
refresh, either Vj L or V|h is permitted for A7. Any 
cycle in which RAS signal occurs refreshes the 
entire selected row. RAS-only refresh results in 
substantial reduction in operating power. This re- 
duction in power is reflected in the Iqc3 specifica- 
tion. 

• PAGE MODE 

Page mode operation allows faster successive memo- 
ry operations at multiple column locations of the 
same row address with increased speed. 

This is done by strobing the row address into the 
chip and maintaining RAS at a logic low throughout 
all successive CAS memory cycles in which the row 
address is latched. As the time normally required for 
strobing a new row address is eliminated, access and 
cycle times can be descreaded and the operating 
power is reduced. These are specifications. 
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HM4864CC-2, 

HM4864CC-3 

65536- word x 1 -bit Dynamic Random Access Memory 


■ FEATURES 

• 18-pin Leadless Chip Carrier 

• 150ns access time, 270ns cycle (HM4864CC-2) 

200ns access time, 335ns cycle (HM4864CC-3) 

• Single power supply of 5V ± 10% with a built-in V BB generator 

• Low power: 330mW active, 20mW standby (max) 

• The inputs TTL compatible, low capacitance, and protected against 
static charge. 

• Output data controlled by CA$ and unlatched at end of cycle to 
allow two dimensional chip selection and extended page boundary. 

• Common I/O capability using "early write" operation 

• Read-Modify-Write, RAS-only Refresh, and Page-mode capability 
1 28 refresh cycle 
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■ ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative 

to Vss -1.0 to +7V 

Operating Temperature, Ta 

(Ambient) 0 to +70°C 

Storage Temperature 

(Ambient) -65to+150°C 

Short-circuit Output Current . 50 mA 
Power Dissipation 1 W 


■ PIN ARRANGEMENT 


CAS Vss SC Din 



An-A? 

Address Inputs 

CAS" 

Column Address Strobe 

Din 

Data In 

Dout 

Data Out 

RAS 

Row Address Strobe 

WE 

Read/Write Input 

Vcc 

Power ( + 5V) 

VsS 

Ground 

Ao-A t> 

Refresh Address Input 
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HM4864CC-2, HM4864CC-3 


■ RECOMMENDED DC OPERATING CONDITIONS (7a=0 to +70°C) 


Parameter 

Symbol 

min 

typ 

max 

Unit 

Notes 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

1 

V ss 

0 

0 

0 

V 

Input High. Voltage 

V,H 

2.4 

- 

6.5 

V 

1 

Input Low Voltage 

V„ 

-1.0 

I 

0.8 

V 

1 


■ DC ELECTRICAL CHARACTERISTICS (7a=0 to 4-70‘C, V'cc=5V±10%, Vss-OW) 


Parameter 

Symbol 

min 

max 

Unit 

Notes 

OPERATING CURRENT 

Average Power Supply Operating Current (RAS, CAS Cycling; / rc = min.) 

Icn 

- 

60 

m A 

2,4 

STANDBY CURRENT 

Power Supply Standby Current (RAS = Vm, Dout = High Impedance) 

Icc 2 

- 

3.5 

m A 

2 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = Vih\ i«c = min. ) 

Icc 3 

- 

45 

m A 

2,4 

PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 
(RAS = Vil, CAS Cycling; Ipc^ min.) 

Ic( 4 

- 

45 

m A 

2,4 

INPUT LEAKAGE 

Input Leakage Current, any Input (Vm=0 to + 6.5V, all other pins not 
under test=0V) 

Iu 

-10 

10 

M 


OUTPUT LEAKAGE 

Output Leakage Current (Dout is disabled, V' o „t=0 to + 5.5V) 

Ilo 

-10 

10 

M 

3 

OUTPUT LEVELS 

Output High (Logic 1) Voltage (/..< = — 5mA ) 

Output Low (Logic 0) Voltage (Lut = 4.2m A ) 

VOH 

VOL 

2.4 

o 

Vcc 

0.4 

V 

v 



NOTES 

1. All voltages referenced to 

2 . 1q ( 7 depends on output loading condition when the device is selected. max. is specified at the output open condition. 

3. Ilo consists of leakage current only. 

4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


■ AC ELECTRICAL CHARACTERISTICS 


Parameter 

Symbol 

typ 

; 

max 

Unit 

Notes 

Input Capacitance (Ao-A?,Din) 

G\„ i 

- 

7 

P F 

1 

Input Capacitance (RAS, CAS, WE) 

Cm 2 

- 

10 

pF 

1 

Output Capacitance (Dout ) 

Cm. 

- 

7 

pF 

1,2 


NOTES 

1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = V jj-j to disable DquT - 
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HM4864CC-2, HM4864CC-3 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS n2 ' 

{Ta= 0 to 4-70"C, Vbc- 5V±10%, V r ss=0V) 


Parameter 

Symbol 

| HM4864CC-2 

HM4864CC-3 

Unit 

Notes 

min 

max 

min 

max 

Random Read or Write Cycle Time 


270 

- 

335 

- 

ns 


Read-Write Cycle Time 

t RWC 

270 

- 

335 

- 

ns 


Page Mode Cycle Time 

tpc 

170 

- 

225 

- 

ns 


Access Time from RAS 

t^c 

- 

150 

- 

200 

ns 

4,6 

Access Time from CAS 

tcAC 

_ 

100 

- 

135 

ns 

5,6 

Output Buffer Turn-off Delay 

tf)FF 

0 

40 

0 

50 

ns 

7 

Transition Time (Rise and Fall) 

tr 

3 

35 

3 

50 

ns 

3 

RAS Precharge Time 

t RP 

100 

- 

120 

- 

ns 


RAS" Pulse Width 

t RAS 

150 

10000 

200 

10000 

ns 


RAS" Hold Time 

t RSII 

100 

- 

135 

- 

ns 


CAS" Pulse Width 

tCAS 

100 

- 

135 

- 

ns 


CAS" Hold Time 

t CSH 

150 

- 

200 

- 

ns 


RAS to CAS Delay Time 

tRCD 

20 

50 

25 

65 

ns 

8 

CAS to RAS Precharge Time 

tcRP 

-20 

- 

-20 

- 

ns 


Row Address Set-up Time 

t ASR 

0 

- 

0 

- 

ns 


Row Address Hold Time 

Irah 

20 

- 

25 

_ 

ns 


Column Address Set-up Time 

tASC 

-10 

- 

-10 

- 

ns 


Column Address Hold Time 

IcAH 

45 

- 

55 

- 

ns 


Column Address Hold Time referenced to RAS 

tAR 

95 

- 

120 

- 

ns 


Read Command Set-up Time 

t RCS 

0 

- 

0 

- 

ns 


Read Command Hold Time 

t RCH 

0 

- 

0 

- 

ns 


Write Command Hold Time 

twCH 

45 

- 

55 

- 

ns 


Write Command Hold Time referenced to RAS 

twCR 

95 

- 

120 

- 

ns 


Write Command Pulse Width 

twp 

45 

— | 

55 

_ 

ns 


Write Command to RAS Lead Time 

t RW1. 

45 

- 

55 

- 

ns 


Write Command to CAS Lead Time 

tcWL 

45 

- 

55 

- 

ns 


Data-in Set-up Time 

tDS 

0 

- 

0 

- 

ns 

9 

Data-in Hold Time 

tDH 

45 

- 

55 

- 

' " S 

9 

Data-in Hold Time referenced to RAS 

t DHR 

95 

- 

120 

- 

ns 


CAS Precharge Time (for Page-mode Cycle Only) 

tep 

60 

- 

80 

- 

ns 


Refresh Period 

t REF 

- 

2 

- 

2 

ms 


Write Command Set-up Time 

twes 

-20 

- 

-20 

- 

ns 

10 

CAS" to WE Delay 

tewp 

60 

- 

80 

- 

ns 

10 

RAS to WE Delay 

t RWD 

110 

- 

145 

- 

ns 

10 

RAS Precharge to CAS Hold Time 

tR,<C 

0 

- 

0 

- 

ns 



NOTES 

1. AC measurements assume t j = 5ns. 

2. 8 cycles are required after p ower- on or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 

3. VlH ( m * n ) and Vj £ (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjj . / and V/£. 

4. Assumes that t RCD < t RC o (max). If t RCD is greater 
than the maximum recommended value shown in this 
table t Rj 4(7 exceeds the value shown. 

5. Assumes that t R co ^ *RCD (max). 

6. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

7. tQFF (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

8. Operation with the t RCD (max) limit insures that 


t R AC (max) can be met. t R cn (max) is specified as a 
reference point only; if t R co is greater than the 
specified t R ^D (max) limit, then access time is 

controlled exclusively be tcAC • 

9. These parameters are refe rence to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. twcs t *CWD an( * t R WD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if t^S ^twcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if tcw D ^ tc\y D (min) and t R w D 
t R wo (min) the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 
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HM4864CC-2, HM4864CC-3 


■ TIMING WAVEFORMS 
• READ CYCLE 



• WRITE CYCLE 



• READ- WRITE/READ-MODIFY- WRITE CYCLE 


2 ! 







HM4864I-2, HM4864I-3, 

HM4864K-2, HM4864K-3 

Wide Operating Temperature Range 


65536- word x 1 -bit Dynamic Random Access Memory 

The HM4864 is a 65,536-words by 1-bit, MOS random access 
memory circuit fabricated with HITACHI'S double-poly N-channel 
silicon gate process for high performance and high functional 
density. The HM4864 uses a single transistor dynamic storage cell 
and dynamic control circuitry to achieve high speed and low power 
dissipation. 

Multiplexed address inputs permit the HM4864 to be packaged in a 
standard 16 pin DIP on 0.3 inch centers. 

This package size provides high system bit densities and is 
compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 
+5V with ±10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL, maximum input 
noise immunity to minimize "false triggering" of the inputs, on-chip 
address and data registers which eliminate the need for interface 
registers, and two chip select methods to allow the user to determine 
the appropriate speed/power characteristics of this memory system. 
The HM4864 also incorporates several flexible timing/operating 
modes. 

In addition to the usual read, write, and read-modify-write cycles, the 
HM4864 is capable of delayed write cycles, page-mode operation 
and RAS-only refresh. 

Proper control of the clock inputs (RAS, CAS, and WE) allows 
common I/O capability, two dimensional chip selection, and 
extended page boundaries (when operating in page mode). 


■ FEATURES 

• Wide Operating Temperature Range 


HM4864I-2/-3 

-40- +85° C 

HM4864K-2/-3 

-55- +85° C 


• Recognized industry standard 16-pin configuration 

• 150ns access time, 270ns cycle time (HM4864I-2, HM4864K-2) 

• 200ns access time, 335ns cycle time (HM4864I-3, HM4864K-3) 

• Single power supply of +5V±10% with a built-in Vqb generator 

• Low Power; 330 mW active. 22 mW standby (max) 

• The inputs TTL compatible, low capacitance, and protected 
against static charge 

• Output data controlled by CAS and unlatched at end of cycle to 
allow two dimensional chip selection and extended page bound- 
ary 

• Common I/O capability using "early write" operation 

• Read-Modify-Write, RAS-only refresh, and Page-mode capability 

• 128 refresh cycle 



■ PIN ARRANGEMENT 



A 0 -A 7 

Address Inputs 
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WE 
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Ao-A 6 

Refresh Address Input 
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HM4864I-2, HM4864I-3, HM4864K-2, HM4864K-3 


■ FUNCTIONAL BLOCK DIAGRAM 
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■ ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative 

to -1 .0 to +7 V 

Operating Temperature, Ta 
(Ambient) . . -40 to +85° C (HM4864I Series) 
-55 to +85° C (HM4864K Series) 


Storage Temperature 

(Ambient) -65 to +1 50° C 

Short-circuit Output Current . 50 mA 
Power Dissipation 1 W 


■ RECOMMENDED DC OPERATING CONDITIONS ( Ta- -40 to +85*0* 


Parameter 

Symbol 

min 

typ 

! 

max 

Unit 

Notes 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Vss 

o 

0 

0 

V 

Input High Voltage 

V,H 

2.4 

- 

6.5 

V 

1 

Input Low Voltage 

V,L 

-1.0 

- 

0.8 

V 

1 


* HM4864K Series; T a =-55 to +85°C 

■ DC ELECTRICAL CHARACTERISTICS (Ta= -40 to + 85'cT Vcc=5V±10%, Vss=0V) 


Parameter 

Symbol 

min 

max 

Unit 

Notes 

OPERATING CURRENT _____ __ 

Average Power Supply Operating Current (RAS, CAS Cycling; = min.) 

lec i 

- 

60 

mA 

2,4 

STANDBY CURRENT __ 

Power Supply Standby Current (RAS = Vih, Dout = High Impedance) 

/ CC2 

- 

4 

m A 

2 

REFRESH CURRENT 

Average Power Supply Current, Refresh Mode 
(RAS Cycling, CAS = Vih; /rc “ min. ) 

lec a 

- 

45 

mA 

2,4 

PAGE MODE CURRENT 

Average Power Supply Current, Page-mode Operation 
(RAS — Vil, CAS Cycling; lpc~ min.) 

/CC4 

- 

45 

mA 

2, 4 

INPUT LEAKAGE 

Input Leakage Current, any Input (V,»=0 to +6.5V, all other pins not 
under test“0V) 

i 

lu 

-10 

10 

M 


OUTPUT LEAKAGE 

Output Leakage Current (Dout is disabled, V,„ f = 0 to +5.5V) 

Ilo 

-10 

10 

M 

3 

OUTPUT LEVELS 

Output High (Logic 1) Voltage (I 0 ut —— 5mA ) 

Output Low (Logic 0) Voltage (/ 0 « ( — 4.2m A ) 

VOH 

VOL 

2.4 

0 

Vcc 

0.4 

V 

V 



NOTES 

1. All voltages referenced to Vgg. 

2. Ice depends on output loading condition when the device is selected. Ice max - * s specified at the output open condition. 
3 • I LO consists of leakage current only. 

4. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 

5. *: HM4864K Series; 7" a = ~ 55 to +85°C 

■ AC ELECTRICAL CHARACTERISTICS (Vcc=5V + 10%, Ta- 25°C) 


Parameter 

Symbol 

typ 

max 

Unit 

Notes 

Input Capacitance (Ao-A?,Din) 

C.„, 

- 

7 

pF 

1 

Input Capacitance (RAS, CAS, WE ) 

Cin 2 

- 

10 

pF 

1 

Output Capacitance (Dout) 

Co., 

- 

7 

pF 

1,2 


NOTES 

1- Capa citance measured with Boon ton ftJeter or effective capacitance measuring method. 
2. CAS = V ih to disable Dqut- 
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HM4864I-2, HM4864I-3. HM4864K-2, HM4864K-3 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS u 2! 

(To 40 to +85‘C*, Vcc = 5V±10%, V ss -0V) 


Parameter 

Symbol 

1 HM4864I/K-2 | 

HM4864I/K-3 | 

Unit 

Notes 

min 

max 

min 

max 

Random Read or Write Cycle Time 

f«c 

270 

- 

335 

- 

ns 


Read-Write Cycle Time 

Irwc 

270 

- 

335 

- 

ns 


Page Mode Cycle Time 

tpc 

170 

- 

225 

- 

ns 


Access Time from RAS 

t/uc 

- 

150 

- 

200 

ns 

4,6 

Access Time from CAS 

ICAC 

- 

100 

- 

135 

ns 

5,6 

Output Buffer Turn-off Delay 

t(}FF 

0 

40 

0 

50 

ns 

7 

Transition Time (Rise and Fall) 

t T 

3 

35 

3 

50 

ns 

3 

RAS Precharge Time 

t RP 

100 

- 

120 

- 

ns 


RAS" Pulse Width 

Iras 

150 

10000 

200 

10000 

ns 


RAS" Hold Time 

tRSH 

100 

- 

135 

- 

ns 


CAS" Pulse Width 

tcAS 

100 

- 

135 

- 

ns 


CAS" Hold Time 

tcSH 

150 

- 

200 

- 

ns 


RAS to CAS Delay Time 

tRCD 

20 

50 

25 

65 

ns 

8 

CAS to RAS Precharge Time 

tcRP 

-20 

- 

-20 

- 

ns 


Row Address Set-up Time 

Iasr 

0 

- 

0 

- 

ns 


Row Address Hold Time 

tRAH 

20 

- 

25 

- 

ns 


Column Address Set-up Time 

tASC 

-5 

- 

-5 

- 

ns 


Column Address Hold Time 

tc.AH 

45 

- 

55 

- 

ns 


Column Address Hold Time referenced to RAS 

tAR 

95 

- 

120 

- 

ns 


Read Command Set-up Time 

tRCS 

0 

- 

0 

- 

ns 


Read Command Hold Time 

tRCH 

0 

- 

0 

- 

ns 


Write Command Hold Time 

twCH 

45 

- 

55 

- 

ns 


Write Command Hold Time referenced to RAS 

t\VCR 

95 

- 

120 

- 

ns 


Write Command Pulse Width 

twp 

45 

- 

55 

- 

ns 


Write Command to RAS Lead Time 

tRWL 

45 

- 

55 

- 

ns 


Write Command to CAS Lead Time 

tcWL 

45 

- 

55 

- 

ns 


Data-in Set-up Time 

Ids 

0 

- 

0 

- 

ns 

9 

Data-in Hold Time 

t DH 

45 

- 

55 

- 

ns 

9 

Data-in Hold Time referenced to RAS 

tDHR 

95 

- 

120 

- 

ns 


CAS Precharge Time (for Page-mode Cycle Only) 

tcp 

60 

- 

80 

- 

ns 


Refresh Period 

tREF 

- 

2 

- 

2 

ms 


Write Command Set-up Time 

twcs 

-10 

- 

-10 

- 

ns 

10 

CAS" to WE Delay 

tcWD 

60 

- 

80 

- 

ns 

10 

RAS to WE Delay 

t RWD 

110 

- 

145 

- 

ns 

10 

RAS Precharge to CAS Hold Time 

tRPC 

0 

- 

0 

- 

ns 



NOTES 

1. AC measurements assume t j> = 5ns. 

2. 8 cycles are required after p ower- on or prolonged 
periods (greater than 2ms) of RAS inactivity before 
proper device operation is achieved. Any 8 cycles 
which perform refresh are adequate for this purpose. 

3. Vjff (min) and (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V IH and Vj^. 

4. Assumes that tRCD^ *RCD (max). If tRCD is greater 
than the maximum recommended value shown in this 
table tji A c exceeds the value shown. 

5. Assumes that t RCD > *RCD (max). 

6. Measured with a load circuit equivalent to 2TTL loads 
and 100 pF. 

7. tQFF (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
enced to output voltage levels. 

8. Operation with the tR£ D (max) limit insures that 


tRAC (max) can be met, ?/?c£> (max) is specified as a 
reference point only; if f/?CD * s greater than the 
specified tRCD (max) limit, then access time is 
controlled exclusively be TcAC- 

9. These parameters are refe rence to CAS leading edge in 
early write cycles and to WE leading edge in delayed 
write or read-modify-write cycles. 

10. twcs, { CWD anc * *R WD are not restrictive operating 
parameters. They are included in the data sheet as 
electrical characteristics only: if twc§ 'Ztwcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
the entire cycle; if t^WD ^ *CWD (min) and 
tR WD (min) the cycle is a read/write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

11. *: HM4864K Series; T a =-55 to +85°C 
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HM4864I-2, HM4864I-3, HM4864K-2, HM4864K-3 


■ TIMING WAVEFORMS 

• READ CYCLE • “RAS-ONLY” REFRESH CYCLE 



• WRITE CYCLE •PAGE MODE READ CYCLE 



• READ- WRITE/ READ-MODIFY- WRITE CYCLE •PAGE MODE WRITE CYCLE 
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HM4864A-12, HM4864A-15, 

HM4864A-20, HM4864AP-12, 
H M4864 AP-1 S, HM4864AP-2Q 


65536- word x 1 -bit Dynamic Random Access Memory 

■ FEATURES 

• Industry standard 16- Pin DIP (plastic, Cerdip) 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 250mW active, 1 8mW standby 

• High speed: Access Time 120ns / 150ns / 200ns 

• Common I/O capability using early write operation 

• Page mode capability 

• Output data controlled by CAS 

• TTL compatible 

• 128 refresh cycles — (2ms) 

• Hidden refresh capability 

■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to V$$ -IV to 7 V 

Operating temperature, Ta (Ambient) 0°C to 70°C 

Storage temperature (Cerdip) -65°C to 1 50°C 

Storage temperature (Plastic) -55° C to 125°C 

Power dissipation 1 W 

Short circuit output current 50 mA 


■ RECOMMENDED DC OPERATING CONDITIONS (Ta~0 to 70°C) 


Parameter 

Symbol 

min. 

typ. 

max. 

Unit 

Notes 

Supply Voltage 

Vuc 

4.5 

5.0 

5.5 

V 

1 

Input High Voltage 

VlH 

2.4 

- 

6.5 

V 

1 

Input Low Voltage 

Vi l 

-1.0 

- 

0.8 

V 

1 


Notes II. All voltages referenced to 



■ PIN ARRANGEMENT 



A0— A7 

CAS 

Din 

Pout 

RAS 

WE 



A0-A6 


Address Inputs 
Column Address Strobe 
Data In 
Data Output 
Row Address Strobe 
Read/Write Input 
Power (+5V) 

Ground 

Refresh Address Inputs 
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HM4864A-1 2, HM4864A-15, HM4864A-20, 

HM4864AP-1 2, HM4864AP-15, HM4864AP-20 

■ DC ELECTRICAL CHARACTERISTICS (7a=0 to 70°C, Vbc=5V±10%, Pss = 0V) 


Parameter 

Symbol 

HM4864A/P-12 

HM4864A/P-15 

HM4864A/P-20 

Unit 

Notes 

min 

max 

min 

max 

min 

ma x 

Operating Current! RAS, CAS Cycling: Z*c— min) 

Icci 

- 

55 

- 

50 

- 

44 

mA 

1,2 

Standby Cnrrent(RAS — Vih, Dout— High Impedance) 

Icct 

- 


- 

MEM 

- 

■391 

MSM 


Refresh Current! RAS Cycling, CAS— P/«,f«c—min) 

IcC3 

- 

o 

- 

mm 

- 

mem 


2 

Standby Cur rent! R A S — F/#, Dout Enable) 

HZ5SH 

- 

■-*.■ 

- 

■n 

- 

MEM 

WESM 

1 

Page Mode Current(RAS — V/l,CA 3 Cycling;* /> C “ min) 

■Q93H 

- 

mm 

- 


- 

KB 

WSM 

1,2 

Input Leakage( 0 < V» u , <6 . 5 V) 

hi 


■n 

eem 

KB 

BE3I 

■quh 



Output Leakage! Dout is disabled,0<V r „«<5.5V) 

ho 

-10 

mm 

■El 

mm 

m 

mm 

MSM 


Output Levels High(J„i— — 5mA) 

MBMt 

mW 11 

■/m 

warn 

BB 

■39 

M79M 

V 


Output Levels Low(/.„— 4.2mA) 


jHQH 

KOI 

■on 

■n 

0 

MWM 

V 



Notes) 1. Ire depends on output loading condition when the device is selected, /«■ max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


■ CAPACITANCE ( Vcc“5V±10%, Ta-25'C ) 


Parameter 

Symbol 

typ 

max 

Unit 

Notes 

Input Capacitance 

A 0 ~A 7 , Din 

Ci» i 

- 

5 

pF 

1 

RAS, UKS, WE 

Cm2 

- 

10 

pF 

1 

Output Capacitance 

Dout 

C.W 

- 

7 

pF 

1, 2 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS — Vih to disable Dout. 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Ta-0 to 70'C, Vcc- 5V±10%, K ss = 0V) 


Parameter 

Symbol 

HM4864A-12 

HM4864A-15 

HM4864A-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Access Time From RAS 

Irac 

- 

120 

- 

150 

- 

200 

ns 

2,3 

Access Time From CAS 

tcAC 

- 

.60 

- 

75 

- 

100 

ns 

3,4 

Output Buffer Turn-off Delay 

toFF 

— 

35 

— 

40 

— 

50 

ns 

5 

Transition Time (Rise and Fall) 

t T 

3 

35 

3 

35 

3 

50 

ns 

6 

Random Read or Write Cycle Time 

tnc 

220 

- 

260 

- 

330 

- 

ns 


RAS Precharge Time 

I RF 

90 

- 

100 

- 

120 

- 

ns 


RAS Pulse Width 

Iras 

120 

10000 

150 

10000 

200 

10000 

ns 


CAS" Pulse Width 

tcAS 

60 

10000 

75 

10000 

100 

10000 

ns 


RAS to CAS Delay Time 

tRCD 

25 

60 

25 

75 

30 

ioo 

ns 

7 

RAS - Hold Time 

t RSH 

60 

- 

75 

- 

100 

- 

ns 


CAST Hold Time 

tcsH 

120 

- 

150 

- 

200 

- 

ns 


CAS to RAS Precharge Time 

tCRP 

-10 

- 

-10 

- 

-10 

- 

ns 


Row Address Set-up Time 

Iasr 

0 

- 

0 

- 

0 

- 

ns 


Row Address Hold Time 

Irah 

15 

- 

15 

- 

20 

- 

ns 


Column Address Set-up Time 

tASC 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

tCAH 

20 

- 

25 

- 

30 

- 

ns 


Column Address Hold Time Referenced to RAS 

Iar 

80 

- 

100 

- 

130 

- 

ns 


WE Command Set-up Time 

twes 

0 

- 

0 

- 

0 

- 

ns 

8 

Write Command Hold Time 


— 

- 

45 

- 

55 

- 

ns 


Write Command Hold Time Referenced to RAS 


■IM 

- 

MEM 

- 

■QJI 

- 

ns 


Write Command Pulse Width 

EM 

mm 

- 

45 

- 

55 

- 

ns 


Write Command to RAS Lead Time 

■MM 

40 

- 

45 

- 

55 

- 

ns 


Write Command to CAS Lead Time 

mi 


- 

wmm 

- 

55 

- 

ns 


Data-in Set-up Time 

Ids 


- 

o 

- 

0 

- 

■31 

9 

Data-in Hold Time 

tfPWi I 

HH 

- 

■a 

- 

m 

- 

ns 

9 

Data-in Hold Time Referenced to RAS 


H 

- 

■ n 

- 


- 

ns 


Read Command Set-up Time 

MEM 

HDI 

- 

m 

- 

■Q 

- 



Read Command Hold Time Referenced to CAS 

lEBSH 

■g 

nm 

UBS 

■Q 


M 

M H 


Read Command Hold Time Referenced to RAS 

HI 

■■m 

- 

■9 

- 

■a 

- 

ns 


Refresh Period 


- 

2 

- 

2 

- 

2 

■QSB 


Read-Write Cycle Time 

tRWC 

245 

- 

280 

- 

345 

- 

ns 


CAS to W£ Delay 

tcWD 

40 

- 

45 

- 

55 

- 

ns 

8 

RAS - to WE Delay 

Irwd 

100 

- 

120 

- 

155 

- 

ns 


Page Mode Cycle Time 

t PC 

120 

— 

145 

— 

190 

— 

ns 


CAS Precharge Time (for Page-mode Cycle Only) 

tep 

50 


60 

- 

80 

- 

ns 


CAS Precharge Time 

tcPN 

30 


35 

— 

45 

- 

ns 


RAS Precharge to CAS Hold Time 

t RPC 

0 

- 

0 

- 

0 

- 

ns 
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HM4864A-1 2, HM4864A-15, HM4864A-20, 

HM4864AP-1 2, HM4864AP-15, HM4864AP-20 

Notes 

1. AC measurements assume tp - 5ns. 

2. Assumes that t R ^ D ^ t RCD (max). If t R CD ls greater 
than the maximum recommended value shown in this 
table, t RAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that tRCD^ t RCD (max). 

5. tQpp (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

6. Vih (min) and Vjp (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vju and Vj L . 

7. Operation with the t RCD (max) limit insures that 
*RAC (max) can be met, t R £Q (max) is specified as a 
reference point only, if tpcD is greater than the 
specified t R £ D (max) limit, then access time is 
controlled exclusively by t£AC- 


8. t WCS> f CWD an d t R are not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if twcs = *WCS (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if tcwD ^ *CWD (min) and t RWD ^ 
{ RWD (min) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

9. There parameters are refer ence d to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

10. An initial pause of 100ms is required after power-up 
followed by a minimum of 8 initialization cycles. 


■ TIMING WAVEFORMS 
• READ CYCLE 



• WRITE CYCLE (EARLY WRITE) 


HAS 


Addresses 


WE 


Din 


Dout 



258 


0 HITACHI 






HM4864A-1 2, HM4864A-15, HM4864A-20 

HM4864AP-1 2, HM4864AP-15, HM4864AP-20 

• PAGE MODE WRITE CYCLE 



• HIDDEN REFRESH CYCLE 
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HM4864ACG- 12, HM4864ACG- 15, 
H M4864 ACG-20 Preliminary 


65536- word x 1 -bit Dynamic Random Access Memory 

■ FEATURES 

• 18*pin Leadless Chip Carrier 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 250mW active, 18mW standby 

• High speed: Access Time 120/150/200ns (max) 

• Common I/O capability using early write operation 

• Page mode capability 

• Output data controlled by CAS 

• TTL compatible 

• 128 refresh cycles/2ms 

• Hidden refresh capability 



■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin relative to V ss -IV to +7V 

Operating temperature, Ta (Ambient) 0°C to +70°C 

Storage temperature -65°C to +150°C 

Power Dissipation 1W 

Short circuit output current 50mA 


■ PIN ARRANGEMENT 



(Bottom View) 


AO— A7 Address Inputs 

CAS Column Address Strobe 

Din Data In 

Pout Data Output 

RAS Row Address Strobe 

WE Read/Write Input 

V CC Power (+5V) 

V SS Ground 

AO— A6 Refresh Address Inputs 


■ RECOMMENDED DC OPERATING CONDITIONS (Ta=0 to 70°C) 


Parameter 

Symbol 

min. 

typ. 

max. 

Unit 

Notes 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Input High Voltage 

V,H, 

2.4 

- 

6.5 

V 

1 

Input Low Voltage 

VlL 

-1.0 

- 

0.8 

V 

1 


Notes '■ 1. All voltages referenced to 

Note) The specifications of this device are subject to change without notice. 

l’lease contact your nearest Hitachi’s Sales Dept, regarding specifications. 
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HM4864ACG-1 2, HM4864ACG-1 5, HM4864ACG-20 


■ DC ELECTRICAL CHARACTERISTICS (Ta-O to 70‘C, Vcc"5V±10%, Kss = 0V) 


Parameter 

Symbol 

HM4864ACG-12 

HM4864ACG-15 

HM4864ACG-20 

Unit 

Notes 

min 

max 

min 

max 

min 

ma x 

Operating Current(RAS,CAS Cycling: f Rc—min) 

loci 

- 

MAM 

- 

50 

- 

44 

mA 

1,2 

Standby Cnrrent( R AS — V;w, Dout — H igh Impedance) 

leci 

- 

MH'M 

- 

m 

- 

BUM 

msm 


Refresh Current(RAS Cycling, CAS — V/w,f*c , “»nin) 

WBBBM 

- 

mm 

- 

mm 

~ 

■ 


2 

Standby Current(RAS — P/w,Dout Enable) 

WB3BSM 

- 

■mi 

_ 

■XI 

- 

msm 


1 


Icct 

— 

m 

- 

MVM 

- 

KB 


1,2 

Input Leakage(0 < V„ M , <6. 5V) 

I LI 

wesrm 

mm 

E9 

mm 

■Sill 

mm 

■m 


Output Leakage(Dout is disabIed,0<Vo, ( <5.5V) 

Ilo 

-10 

10 

msm 

10 

-10 

mm 

KOI 


Output Levels High(/„i— — 5mA) 

Bfl 

Em 

warn 

ms 

V 

■m 

WBk 

V 




0 

mm 

0 

flf 

° 

Em 

V 



Notes) 1. Ice depends on output loading condition when the device is selected, /<* max. is specified at the output open condition. 
2. Current depends on cycle rate: maximum current is measured at the fastest cycle rate. 


■ CAPACITANCE (Vcc-5V±10%, Ta-K’C) 


Item 

Symbol 

typ 

max 

Unit 

Notes 

Input Capacitance 

Ao~A 7, Din 

C.nl 

- 

5 

pF 

1 

RAS", CAS", WE 

Cm2 

- 

10 

P F 

1 

Output Capacitance 

Dout 

Cout 

- 

7 

pF 

1, 2 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS — Vi a to disable Dout. 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Ta-0 to 70‘C, Vcc = 5V±10%, V ss -0V) 


Parameter 

Symbol 

HM4864ACG-12 

HM4864ACG-15 

HM4864ACG-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Access Time From RAiS 

tRAC 

- 

120 

- 

150 

- 

200 

ns 

2,3 

Access Time From CAS 

tCAC 

- 

60 

- 

75 

- 

100 

ns 

3,4 

Output Buffer Turn-off Delay 

tfjFF 

- 

35 

— 

40 

- 

50 

ns 

5 

Transition Time (Rise and Fall) 

t T 

3 

35 

3 

35 

3 

50 

ns 

6 

Random Read or Write Cycle Time 

tRC 

220 

- 

260 

- 

330 

- 

ns 


RAS Precharge Time 

tRP 

90 

- 

100 

- 

120 

- 

ns 


RAF Pulse Width 

Iras 

120 

10000 

150 

10000 

200 

10000 

ns 


CAF Pulse Width 

Icas 

60 

10000 

75 

10000 

100 

10000 

ns 


RAS to CAS Delay Time 

Ircd 

25 

60 

25 

75 

30 

100 

ns 

7 

RAF Hold Time 

Irsh 

60 

~ 

75 



100 

- 

ns 


CAS Hold Time 

tcsH 

120 

— 

150 i “ 

200 

— 

ns 


CAS to RAS Precharge Time 

tr.RP 

-10 

- 

-10 

-10 

- 

ns 


Row Address Set-up Time 

tASR 

0 

- 

o ! 

0 

- 

ns 


Row Address Hold Time 

Irah 

15 

- 

15 

20 

- 

ns 


Column Address Set-up Time 

Iasc 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

tCAH 

20 

_ 

25 

- 

30 

- 

ns 


Column Address Hold Time Referenced to RAS 

tAR 

80 

- 

100 

- 

130 

- 

ns 


WE Command Set-up Time 

twes 

0 

— 

0 

- 

0 

- 

ns 

8 

Write Command Hold Time 

twCH 

40 

- 

45 

- 

55 

- 

ns 


Write Command Hold Time Referenced to RAS 

twCR 

100 

- 

120 

- 

155 

- 

ns 


Write Command Pulse Width 

twp 

40 

- 

45 

- 

55 

- 

ns 


Write Command to RAS Lead Time 

t RW L 

40 

- 

45 

- 

55 

- 

ns 


Write Command to CAS Lead Time 

tcWL 

40 

- 

45 

- 

55 

- 

ns 


Data-in Set-up Time 

tos 

0 

- 

0 

- 

0 

- 

ns 

9 

Data-in Hold Time 

lOH 

40 

- 

45 

- 

55 

- 

ns 

9 

Data-in Hold Time Referenced to RAS 

tDHR 

100 

- 

120 

- 

155 

- 

ns 


Read Command Set-up Time 

hes 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time Referenced to CAS 

tkCH 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time Referenced to RAS 

tRRH 

10 

- 

10 

- 

10 

- 

ns 


Refresh Period 

tREF 

- 

2 

- 

2 

- 

2 

ms 


Read-Write Cycle Time 

tRWC 

245 

- 

280 

- 

345 

- 

ns 


CAS to WE Delay 

tewo 

40 

- 

45 ' 

- 

55 

- 

ns 

8 

RAS to WE Delay 

t RWD 

100 

- 

120 

- 

155 

- 

ns 


Page Mode Cycle Time 

t PC 

120 

- 

145 

- 

190 

- 

ns 


CAS Precharge Time (for Page-mode Cycle Only) 

tep 

50 

- 

60 

- 

80 

- 

ns 


CAS Precharge Time 

tcPN 

30 

- 

35 

- 

45 

- 

ns 


RAS Precharge to CAS Hold Time 

t RPC 

0 

- 

0 

- 

0 

- 

ns 
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HM4864ACG-1 2, HM4864ACG-1 5, HM4864ACG-20 


Notes 

1. AC measurements assume tj> * 5ns. 8. t wcs> *CWD an ^ *R WD are n °t restrictive operating 

2. Assumes that t R £ D £ ( RCD (max). If (rcd * s greater parameters. 

than the maximum recommended value shown in this They are included in the data sheet is electrical 

table, t Rj 4 C exceeds the value shown. characteristics only; if t wcs ^ t wcs (min), the cycle 

3. Measured with a load circuit equivalent to 2TTL loads is an early write cycle and the data output pin will 

and lOOpF. remain open circuit (high impedance) throughout the 

4. Assumes that 0?C£> = 0?C£> (max). entire cycle; if t CWD £ t C WD (min) and t RWD £ 

5. tQFF ( max ) defines the time at which the output tRWD (min) the cycle is a read-write and the data 

achieves the open circuit condition and is not refer- output will contain data read from the selected cell; if 
ence to output voltage levels. neither of the above sets of conditions is satisfied the 

6. Vjff (min) and Vj £ (max) are reference levels for condition of the data out (at access time) is indeter- 

measuring timing of input signals. Also, transition minate. 

times are measured between Vjff and Vj L . 9. There parameters are refer ence d to CAS leading edge 

7. Operation with the t R £ D (max) limit insures that in early write cycles and to WE leading edge is delayed 

tRAC (max) can be met, t R co (max) is specified as a write or read-modify-write cycles. 

reference point only, if t R ^ D is greater than the 10. An initial pause of 100/us is required after power-up 
specified t R £D (max) limit, then access time is followed by a minimum of 8 initialization cycles, 

controlled exclusively by rcvtC* 

■ TIMING WAVEFORMS 
• READ CYCLE 



j | Dtm't Care 


• WRITE CYCLE (EARLY WRITE) 
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HM4864ACG-1 2, HM4864ACG-15, HM4864ACG-20 
• READ- WRITE/READ- MODIFY- WRITE CYCLE 



t 1 Don’t Ctre 


•“RAS-ONLY” REFRESH CYCLE 



| j Don’t Care 


• PAGE MODE READ CYCLE 



a Don’t C*re 
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• PAGE MODE WRITE CYCLE 



□ Don’t Care 


• HIDDEN REFRESH CYCLE 


_____ V,„ 

RAS 

Vil 


CAS 

Vil 

Vm 

Addresses 

Vil 

__ VlH 
WE 

Vil 

Voh 

Dout 

VOL 
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HM4865AP-12, HM4865AP-15 
HM4865AP-20 


65536-word x 1-bit Dynamic Random Access Memory 


■ FEATURES 

• Auto Refresh Function 

• Single power supply of 5V ± 10% 

• High speed: Access time 120ns/150ns/200ns (max.) 

• Low Power. 250mW active, 18mW standby 

• On chip substrate bias generator 

• Common I/O capability using early write operation 

• Page mode capability 

• Output data controlled by CAS 

• TTL compatible 

• 1 28 refresh cycles/2ms 

• Hidden refresh capability 

■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Voltage on any pin 

V T 

-1.0 to +7.0 

V 

Supply Voltage 

Vcc 

-1.0 to +7.0 

V 

Short Circuit Output Current 

lout 

50 

mA 

Power Dissipation 

Pr 

1.0 

W 

Operating Temperature 

Topr 

0 to +70 

°C 

Storage Temperature 

T, tg 

-55 to +125 

°C 


* with respect to Vss 



■ PIN ARRANGEMENT 


rfsh[T 



17]Vss 

Din flT* 


17] CAS 

wi(T 


14 | Dout 

ras|T 


17] Ae 

A° | 5 


17| As 

A2 1 6 


77] a 4 

a,[T 


17] As 

Vcc [T 


TJ A? 


(Top View) 


RFSH 

| Refresh 

Ao — A7 

| Address Input 

s 

CAS 

Column Address Strobe 

Din 

Data In 

Dout 

Data Out 

HAS 

Row Address Strobe 

WE 

Read/Write Input 

Vcc 

Power ( + 5V) 

Vss 

Ground 

Ao — As 

Refresh Address Inputs 


■ RECOMMENDED DC OPERATING CONDITIONS (Ta-0 to +70°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

V cc 

4.5 

5.0 

5.5 

V 

Vss 

0 

0 

0 

V 

Input Voltage 

V'H 

2.4 

- 

6.5 

V 

V IL 

-1.0 

- 

0.8 

V 


Note) All voltages referenced to V S s. 
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HM4865AP-12, HM4865AP-15, HM4865AP-20 


■ DC ELECTRICAL CHARACTERISTICS (Ta-0 to 70°C, Vcc-5V±10%, V 55 = 0V) 


Parameter 

Symbol 

HM4865A/P-12 

| HM4865A/P-15 | 

| HM4865A/P-20 

Unit 

Notes 

min 

max 

min 

max 

min 

ma x 

Operating Current(RAS,CAS Cycling:* kc*“ min) 

Icci 

- 

55 

- 

50 

- 

44 

mA 

1,2 

Standby Cnrrent(RAS — Vih, Dout — High Impedance) 

Icc 2 

- 

3.5 

- 

3.5 

- 

3.5 

mA 


Refresh Current(RA$ Cycling.CAS — Vi H ,t « C “min) 

lea 

- 

42 

- 

38 

- 

33 

mA 

2 

Standby Current(RAS— F/w.Dout Enable) 

Ices 

- 

5.5 

- 

5.5 

- 

5.5 

mA 

1 

Page Mode Current(RAS — V)i,CA§ Cycling;* pc — min) 

Ices 

— 

38 

- 

35 

- 

31 

mA 

1,2 

Auto Refresh Current (RFSH = Cycle, RAS = V}h) 

Ice 7 

- 

44 

- 

40 

- 

35 

mA 


Input Leakage(0 < V 0 * t <6. 5V) 

Iu 

-10 

10 

-10 

10 

-10 

10 

M 


Output Leakage(Dout is disabled, 0<P OI ,,< 5.5V) 

ho 

-10 

10 

-10 

10 

-10 

10 

M 


Output Levels High(/ 0 «i“* — 5mA) 

VoH 

2.4 

Vcc 

2.4 

Vec 

2.4 

Vcc 

V 


Output Levels Low( — 4. 2mA) 

VOL 

0 

0.4 

0 

0.4 

0 

0.4 

V 



Notes) 1. lcc depends on output loading condition when the device is selected. /«• max, is specified at the output open condition. 
2. Current depends on cycle rate : maximum current is measured at the faste'st cycle rate. 


■ CAPACITANCE ( Ucc = 5 V± 10%, Ta- 25'C) 


Parameter 

Symbol 

typ 

max 

Unit 

Notes 

Input Capacitance 

Ao A 7 , Din 

C.nl 

- 

5 

pF 

1 

RAS, CAS, WE 

Cm2 

- 

10 

pF 

1 

Output Capacitance 

Dout 

C„.t 

- 

7 

PF 

1, 2 


Notes) 1. Capacitance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS — Vih to disable Dout. 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(To=0 to 70"C, Vcc-5V±10%, Vss-OV) 

■AC CHARACTERISTICS (Kcc-5V ±10%, Kss-OV, Ta-0 to +70"C)‘*' 21 


Item 

Symbol 

| HM4865AP-12 

HM4865AP-15 

HM4865AP-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Random Read or Write Cycle Time 

tac 

220 

- 

260 

- 

330 

- 

ns 


Read- Write Cycle Time 

t RWC 

245 

- 

280 

- 

345 

- 

ns 


Page Mode Cycle Time 

t PC 

120 

- 

145 

- 

190 

- 

ns 


Access Time from RAS 

tRAC 

- 

120 

- 

150 

- 

200 

ns 

4, 6 

Access Time from CAS 

tcAC 

- 

60 

- 

75 

- 

100 

ns 

5, 6 

Output Buffer Turn-off Delay 

toFF 

- 

35 

- 

40 

- 

50 

ns 

7 

Transition Time(Rise and Fall) 

t T 

3 

35 

3 

35 

3 

50 

ns 

3 

RAS Precharge Time 

I RP 

90 

- 

100 

- 

120 

- 

ns 


RAS Pulse Width 

t RAS 

120 

10000 

150 

10000 

200 

10000 

ns 


RAS Hold Time 

* RSH 

60 

- 

75 

- 

100 

- 

ns 


CAS Pulse Width 

t CAS 

60 

10000 

75 

10000 

100 

10000 

ns 


CAS Hold Time 

tcSH 

120 

- 

150 

- 

200 

- 

ns 


RAS to CAS Delay Time 

* RCD 

25 

60 

25 

75 

30 

100 

ns 

8 

CAS to RAS Precharge Time 

t CRP 

-10 

- 

-10 

- 

-10 

- 

ns 


Row Address Set-up Time 

t ASR 

0 

- 

0 

- 

0 

- 

ns 


Row Address Hold Time 

t RAH 

15 

- 

15 

- 

20 

- 

ns 


Column Address Set-up Time 

t ASC 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

tcAH 

20 

- 

25 

- 

30 

- 

ns 


Column Address Hold Time referenced to RAS 

Iar 

80 

- 

100 

- 

130 

- 

ns 


Read Command Set-up Time 

Ircs 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time 

t RCH 

0 

- 

0 

- 

0 

- 

ns 


Write Command Hold Time 

twCH 

40 

- 

45 

- 

55 

- 

ns 


Write Command Hold Time referenced to RAS 

t\VCR 

100 

- 

120 

- 

155 

- 

ns 


Write Command Pulse Width 

twp 

40 

- 

45 

- 

55 

- 

ns 


Write Command to RAS Lead Time 

* RWL 

40 

- 

45 

- 

55 

- 

ns 



(to be continued) 
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HM4865AP-12, HM4865AP-15, HM4865AP-20 


Item 

Symbol 

HM4865AP-12 

HM4865AP-15 

HM4865AP-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Write Command to CAS Lead Time 

tcWL 

40 

- 

45 

- 

55 

- 

ns 


Data-in Set-up Time 

l DS 

0 

- 

0 

- 

0 

- 

ns 

9 

Data-in Hold Time 

Idh 

40 

- 

45 

- 

55 

- 

ns 

9 

Data-in Hold Time referenced to RAS 

to HR 

100 

- 

120 

- 

155 

- 

ns 


CAS Precharge Time(for Page-mode Cycle Only) 

tcp 

50 

- 

60 

- 

80 

- 

ns 


Refresh Period 

tREF 

- 

2 

- 

2 

- 

2 

ns 


Write Command Set-up Time 

twcs 

0 

- 

0 

- 

0 

- 

ns 

10 

CAS to WE Delay 

tcm 

40 

- 

45 

- 

55 

- 

ns 

10 

RAS to WE Delay 

t RWD 

100 

- 

120 

- 

155 

- 

ns 


RAS Precharge to CAS Hold Time 

Irpc 

0 

- 

0 

- 

.0 

- 

ns 


Read-modify-write Hold Time 

t RRH 

10 

- 

10 

- 

10 

- 

ns 


CAS Precharge Time 

tcPN 

30 

- 

35 

- 

45 

- 

ns 


RFSH Set-up Time 

t FSR 

90 

- 

100 

- 

120 

- 

ns 


RAS to RFSH Delay Time 

t RFD 

90 

- 

100 

- 

120 

- 

ns 


RFSH Cycle Time 

t FC 

220 

- 

260 

- 

330 

- 

ns 


RFSH Pulse Width 

t FP 

120 

5000 

150 

5000 

200 

5000 

ns 


RFSH Precharge Time 

t FI 

90 

- 

100 

- 

120 

- 

ns 



Notes) 


1. AC measurements assume t^ = 5ns. 

2. An initial pause of 100ms is required after power-up followed by a minimum of 8 initalization of cycles. 

3. Vm(min) and VjL(max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vjpj and Vjl. 

4. Assumes that tRCD = *RCD( max )‘ ^ ^RCD * s greater than the maximum recommended value shown in this table, 
*RAC exceeds the value shown. 

5. Assumes that = max). 

6. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

7. tQFF( max ) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

8. Operation with the tRQ}(max) limit insures that tRAc( max ) can met * *RCD (max) is specified as a reference 
point only, if tRQ} * s greater than the specified tRQ)(max) limit, then access time is controlled exclusively by 

‘CAC- 

9. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed 
write or read-modify-write cycles. 

10. twcS’ *CWD an d tRWD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only; if t\ycs = *WCS( m * n )’ cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; if tcvvp = tCWDO 11 * 11 ) an d tRWD( m * n ) the cycle is a 
read/write and the data output will contain data read from the selected cell; if neither of the above sets of 
conditions is satisfied the condition of the data out (at access time) is indeterminate. 
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— HM4865AP-12, HM4865AP-15, HM4865AP-20 

■TIMING WAVEFORM 
• READ CYCLE 


RAS 


CAS 


Add. 


Wl 


Dout 


□ Don’t C«r« 
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HM4865AP-12, HM4865AP-15, HM4865AP-20 


• READ-MODIFY-WRITE CYCLE 



. _ tJMS 

RAS * 

V,L~ 

L 




taco 

"1 


CAS 

Vil- 

lASK 

H 


Z 





Addresses ^ Row Address ^ ^ 

! 

Column Address 

< 

Vil- 

' 


tKWD 

lacs |— — 


tciro 

WE 

VtL~ 

Voh- 


Qt ^ 

Open 

Dout 

Vol- 

ttuc _ 


VlH- 

Din 

Vil- 


• RAS ONLY REFRESH CYCLE 



Dout 


Voh- 

Vol- 


Open 


270 



□ Don’t Care 




HM4865AP-12, HM4865AP-1S, HM4865AP-20 


• HIDDEN REFRESH CYCLE 



1 | Don’t Care 


• RFSH (PIN 1) REFRESH CYCLE 
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HM50256-12, HMS02S6-15 Preliminary 
HM50256-20 


262144-word x 1-bit Dynamic Random Access Memory 


■ FEATURES 

• Industry Standard 16-Pin DIP 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 350mW active, 23mW standby 

• Highspeed: Access Time 120ns/150ns/200ns(max.) 

• Common I/O capability using early write operation 

• Page mode capability 

• TTL compatible 

• 256 refresh cycles (4 ms) 

• 3 variation of refresh . . . RAS only refresh 

CAS before RAS refresh 
Hidden refresh 

■ BLOCK DIAGRAM 



■ PIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V ss -IV to +7V 

Operating temperature, Ta (Ambient) 0°C to +70° C 

Storage temperature -65°C to +15Q°C 

Power dissipation 1W 

Short circuit output current 50mA 


■ RECOMMENDED DC OPERATING CONDITIONS (Ta- 0 to +70°C) 



Ao~A 8 

Address Inputs 

CAS 

Column Address Strobe 

Din 

Data In 

Dout 

Data Out 

RAS 

Row Address Strobe 

WE 

Read/Write Input 

Vice 

Power (+5V) 

Vss 

Ground 

A 0 ~A 7 

Refresh Address Inputs 


Note) The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachis Sales 
Dept, regarding specifications. 


Parameter 

Symbol 

min 

typ 

max 

Unit 

Note 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Input High Voltage 

V,H 

2.4 

- 

6.5 

V 

1 

Input Low Voltage 

Vu 

-1.0 

- 

0.8 

V 

1 


Note) 1. All voltages referenced to Vss 
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HM502S6-12, HM50256-15, HM50256-20 


■ DC ELECTRICAL CHARACTERISTICS (Ta=0 to +70’C, V CC =5V±10%, V^-OV) 


Parameter 

Symbol 

HM50256-12 

HM50256-15 

HM50256-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Operating Current(RAS, CAS Cycling I i«c= min) 

Icci 

- 

83 

- 

70 

- 

55 

mA 

1 

Standby Current(RAS“ Vih, Dout=High Impedance) 

Iccz 

_ 

4.5 

- 

4.5 

- 

4.5 

mA 


Refresh Current(RAS only Refresh, fac^min) 

IcC3 

- 

62 

- 

53 

- 

42 

mA 


Standby Current(RAS= Vih, Dout Enable) 

Ices 

- 

10 

- 

10 

- 

10 

mA 

1 

Refresh Current(CAS before RAS Refresh, f«c— min) 

Icc 6 

- 

69 

- 

58 

- 

45 

mA 


Input leakage(0< V„u »< 7V) 

I LI 

-10 

10 

-10 

10 

-10 

10 

M 


Output leakage(0< V mt <7V) 

Ilo 

-10 

10 

-10 

10 

-10 

10 

M 


Output levels High(/<, u ,=* —5mA) 

VoH 

2.4 

Vcc 

2.4 

Vcc 

2.4 

Vcc 

V 


Output levels Low( /<,««= 4. 2mA) 

VoL 

0 

0.4 

0 

0.4 

0 

0.4 

V 



Notes) 1. Icc depends on output loading condition when the device is selected. Icc max is specified at the output open condition. 


■ CAPACITANCE (Vcc-5V±10%, Ta= 25°C ) 


Parameter 

Symbol 

typ 

max 

Unit 

Notes 

Input Capacitance 

Address, Data-in 

Cn 

- 

5 

pF 

1 

Clocks, Data-out 

Cn 

- 

7 

1, 2 


Notes) 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS=» V, H to disable Dout. 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(To=0 to +70°C, Vcc — 5V±10%, V ss =0V) 


Parameter 

Symbol 

| HM50256-12 

HM50256-15 

HM50256-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Access Time from RAS 

tRAC 

- 

120 

- 

150 

- 

200 

ns 

2, 3 

Access Time from CAS 

tCAC 

- 

60 

- 

75 

- 

100 

ns 

3, 4 

Output Buffer Turn-off Delay 

toFF 

- 

30 

- 

40 

- 

50 

ns 

5 

Transition Time(Rise and Fall) 

It 

3 

50 

3 

50 

3 

50 

ns 

6 

Random Read or Write Cycle Time 

tkc 

220 

- 

260 

- 

330 

- 

ns 


RAS Precharge Time 

tRP 

90 

- 

100 

- 

120 

- 

ns 


RAS Pulse Width 

tRAS 

120 

10000 

150 

10000 

200 

10000 

ns 


CAS Pulse Width 

t CAS 

60 

10000 

75 

10000 

100 

10000 

ns 


RAS to CAS Delay Time 

t RCD 

25 

60 

25 

75 

30 

100 

ns 

7 

RAS Hold Time 

t RSH 

60 

- 

75 

- 

100 

- 

ns 


CAS Hold Time 

tcSH 

120 

- 

150 

- 

200 

- 

ns 


CAS to RAS Precharge Time 

tcRP 

10 

- 

10 

- 

10 

- 

ns 


Row Address Set-up Time 

I A SR 

0 

- 

0 

- 

0 

- 

ns 


Row Address Hold Time 

tRAH 

15 

- 

15 

- 

20 

- 

ns 


Column Address Set-up Time 

I ASC 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

tcAH 

20 

- 

25 

- 

30 

- 

ns 


Column Address Hold Time referenced to RAS 

tAR 

80 

- 

100 

- 

130 

- 

ns 


WE Command Set-up Time 

twes 

0 

- 

0 

- 

0 

- 

ns 

8 

Write Command Hold Time 

twcH 

40 

- 

45 

- 

55 

- 

ns 


Write Command Hold Time referenced to RAS 

twcR 

100 

- 

120 

- 

155 

- 

ns 


Write Command Pulse Width 

twp 

40 

- 

45 

- 

55 

- 

ns 


Write Command to RAS Lead Time 

t RWL 

40 

- 

45 

- | 

55 j 

- 

ns 


Write Command to CAS Lead Time 

tcWL 

40 

- 

45 

- 

55 

- 

ns 


Data-in Set-up Time 

tDS 

0 

- 

0 

- 

0 

- 

ns 

9 

Data-in Hold Time 

t DH 

40 

- 

45 

- 

55 

- 

ns 

8, 9 

Data-in Hold Time referenced to RAS 

t DHR 

100 

- 

120 

- 

155 

- 

ns 


Read Command Set-up Time 

t RCS 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time referenced to CAS 

t RCH 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time referenced to RAS 

t RRH 

10 

- 

10 

- 

10 

- 

ns 


Refresh Period 

t REF 

- 

4 

- 

4 

- 

4 

ms 
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HM50256-12, HM50256-15, HM50256-20 


Parameter 

Symbol 

HM50256-12 

HM50256-15 

HM50256-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Read- Write Cycle Time 

t RWC 

265 

- 

310 

- 

390 

- 

ns 


CAS to WE Delay 

tern 

60 

- 

75 

- 

100 

- 

ns 

8 

RAS to WE Delay 

tRWD 

120 

- 

150 

- 

200 

- 

ns 


CAS Precharge Time 

t CPN 

50 

- 

60 

- 

80 

- 

ns 


CAS Setup Time 

tcSR 

10 

- 

10 

- 

10 

- 

ns 


CAS Hold Time ( CAS before RAS Refresh) 

tcHR 

120 

- 

150 

- 

200 

- 

ns 


RAS Precharge to CAS Hold Time 

t RPC 

0 

- 

0 

- 

0 

- 

ns 



Notes 

1. AC measurements assume t y* - 5ns. 

2. Assumes that t RCD g t R( j D (max). If t RCD is greater 
than the maximum recommended value shown in this 
table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that tRCD ~ t RCD (max). 

5. toFF (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

6. Vjfj (min) and Vj L (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjjq and Vj L . 

7. Operation with the t RCD (max) limit insures that 
tRAC (max) can be met, t R c D (max) is specified as a 
reference point only, if t RCD is greater than the 
specified t R ^ (max) limit, then access time is 
controlled exclusively by tcAC- 


8* t wcs » f CWD and *R WD are not restrictive operating 
parameters. 

They are included in the data sheet is electrical 
characteristics only; if t wcs ^t wcs (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if t CWD ^ t CWD (min) and t RWD ^ 
*R WD (min) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

9. There parameters are refer ence d to CAS leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

10. An initial pause of 100/us is required after power-up 
followed by a mi nim um of 8 i nitia lization cycles. 

11. Minimum of 8 CAS before RAS refresh cycle is re- 
quired before using internal refresh counter. 


■TIMING WAVEFORMS 
• READ CYCLE 


tRC- 


RAS 


CAS 


Address 


WRITE 


Dout 


\ 

^ tRAS — ^ 

-• tRP 

X 





q— 

— 

l -m—tCRP-»- 

1 

tASR 

\ 

tCAS m- ^ 

r- 

tRAH 




tASC 

tCAH 


X 

7 

X X 


.. X 






tRCS * 

- 

tRCH_ 


/ 


, 

\ 



-tRAC 



|«« tOFF 

> — 


< 

; 
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■ PAGE MODE CHARACTERISTICS (To- 0 to +70'C, V CC =5V±10%, Vis-OV) 
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HM50257- 12, HM50267- IS f — Preliminary 
HM50257-20 


2621 44- word x 1 -bit Dynamic Random Access Memory 

■ FEATURES 

• Industry standard 16-pin DIP 

• Single 5V (±10%) 

• On chip substrate bias generator 

• Low Power: 350mW active, 20mW standby 

• Highspeed: Access Time 1 20ns/1 50n$/200ns (max.) 

• Common I/O capability using early write operation 

• Nibble mode capability 

• Indifinite Dout hold using CAS control 

• TTL compatible 

• 256 refresh cycles (4ms) 

• 3 Variations of refresh; RA5 only refresh, CSS befor RAS 

refresh, Hidden refresh 

■ BLOCK DIAGRAM 



(DG-16B) 


■ PIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V$s -IV to +7V 

Operating temperature, Ta (Ambient) 0°C to +70° C 

Storage temperature -65°C to +1 50°C 

Power dissipation 1W 

Short circuit output current 50mA 



Ao — As 

Address Inputs 

caS" 

Column Address Strobe 

Din 

Data In 

Dout 

Data Out 

RSS 

Row Address Strobe 

We 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

A o'— A 7 

Refresh Address Inputs 


■ RECOMMENDED DC OPERATING CONDITIONS (7a=0 to 4-70 °C) 


Parameter 

Symbol 

min 

typ 

max 

Unit 

Note 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

1 

Input High Voltage 

VlH 

2.4 

- 

6.5 

V 

1 

Input Low Voltage 

VlL 

- 1.0 

- 

0.8 

V 

1 


Note 1) All voltages referenced to Pss. 


280 0 HITACHI 


Note) 

The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachis Sales 
Dept, regarding specifications. 







HM50257-12, HM50257-15, HM50257-20 


■ DC ELECTRICAL CHARACTERISTICS (7a = 0 to + 70”C, V C c = 5V±10%, V ss = 0V) 


Parameter 

Symbol 

HM50257-12 

HM50257-15 

| HM50257-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Operating Current (RAS, CAS Cycling : tpc — min) 

Icc 1 

- 

83 

- 

70 

- 

55 

mA 

1 

Stand by Current (RAS = P/h, Dout = High Impedance) 

Icc 2 

- 

4.5 

- 

4.5 

- 

4.5 

mA 


Refresh Current (RAS only Refresh, f/tc^min) 

Icc 3 

- 

62 

- 

53 

- 

42 

mA 


Standby Current (RAS=F/w, Dout Enable) 

Ices 

- 

10 

- 

10 

- 

10 

mA 

1 

Refresh Current (CAS before RAS Refresh, U tc = min) 

Icc 6 

- 

69 

- 

58 

- 

45 

mA 


Input 1 eakage ( 0 < V ou , < 7 V ) 

Iu 

-10 

10 

-10 

10 

-10 

10 

M 


Output leakage (0< Vaui< 7V) 

Ilo 

-10 

10 

-10 

10 

-10 

10 

M 


Output levels High (/„,» = — 5mA) 

Voh 

2.4 

Vcc 

2.4 

Vcc 

2 - 4 

Vcc 

V 


Output levels Low (/»„ (“4.2mA) 

VoL 

0 

°- 4 

0 

0.4 

0 

0.4 

V 



Notes) 1 . Icc depends on output loading condition when the device is selected Icc max, is specified at the output open condition. 


■ CAPACITANCE (Vcc = 5V±10%, 7a=25°C) 


Parameter 

Symbol 

typ 

max 

Unit 

Notes 

Input Capacitance 

Address, Data-In 

Cn 

- 

5 

pF 

1 

Clocks, Data-Out 

C/2 

! 

7 

1, 2 


Notes) 1 . Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS Vih to disable Dout. 


■ ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

{To- 0 to +70°C, V C c = 5V±10%, V S s = 0V) 


Parameter 

Symbol 

HM50257-12 

1 HM50257-15 

HM50257-20 

Unit 

Notes 

min 

1 

max 

. 

min 

max 

: i 

min 

max 

Access Time from RAS 

Irac 

- 

120 

- 

150 

- 

200 

ns 

2,3 

Access Time from CAS 

tcAC 

- 

60 

- 

75 

- 

100 

ns 

3,4 

Output Buffer Turn-off Delay 

toFF 

- 

30 

- 

40 

- 

50 

ns 

5 

Transition Time (Rise and Fall) 

t T 

3 

50 

3 

50 

3 

50 

ns 

6 

Random Read or Write Cycle Time 

t RC 

220 

- 

260 

— 

330 

- 

ns 


RAS Precharge Time 

t R P 

90 

- 

100 

- 

120 

- 

ns 


RAS Pulse Width 

tRAS 

120 

10000 

150 

10000 

200 

10000 

ns 


RAS Pulse Width 

tcAS 

60 

10000 

75 

10000 

100 

10000 

ns 


RAS to CAS Delay Time 

t RCD 

25 

60 

25 

75 

30 

100 

ns 

7 

RAS Hold Time 

t RSH 

60 

- 

75 

- 

100 

- 

ns 


CAS Hold Time 

tcSH 

120 

- 

150 

- 

200 

- 

ns 


CAS to RAS Precharge Time 

tcRP 

10 

- 

10 

- 

10 

- 

ns 


Row Address Set-up Time 

t AS R 

0 

- 

0 

- 

0 


ns 


Row Address Hold Time 

tRAH 

15 

- 

15 

- 

20 

- 

ns 


Column Address Set-up Time 

t ASC 

0 

- 

0 

- 

0 

- 

ns 


Column Address Hold Time 

tcAH 

20 

- 

25 

- 

30 

- 

ns 


Column Address Hold Time referenced to RAS 

t AR 

80 

- 

100 

- 

130 

- 

ns 


WE Command Set-up Time 

twes 

0 

- 

0 

- 

0 

- 

ns 

8 

Write Command Hold Time 

twCH 

40 

- 

45 

- 

55 

- 

ns 


Write Command Hold Time referenced to RAS 

twCR 

100 

- 

120 

- 

155 

- 

ns 


Write Command Pulse Width 

twp 

40 

- 

45 

- 

55 

- 

ns 


Write Command to RAS Lead Time 

t RWL 

40 

- 

45 

- 

55 

- 

ns 


Write Command to CAS Lead Time 

tcWL 

40 

- 

45 

- 

55 


ns 


Data-in Set-up Time 

t DS 

0 

- 

0 

- 

0 


ns 

9 

Data-in Hold Time 

Idh 

40 

- 

45 

- 

55 

- 1 

ns 

8,9 

Data-in Hold Time referenced to RAS 

t DH R 

100 

- 

120 

- 

155 

- ! 

ns 


Read Command Set-up Time 

t RCS 

0 

- 

0 

- 

0 

- 

ns 


Read Command Hold Time referenced to CAS 

Irch 

0 

- 

0 

- 

0 

_ 

ns 


Read Command Hold Time referenced to RAS 

t RRH 

10 

- 

10 

- 

10 

- 

ns 


Refresh Period 

t RE F 

- 

4 

- 

4 

- 

4 1 

ns 



(to be continued ) 
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HM50257-12, HM50257-15, HM50257-20 


Parameter 

Symbol 

HM50257-12 

HM50257-15 

HM50257-20 

Unit 

Notes 

min 

max 

min 

max 

min 

max 

Read-Write Cycle Time 

tRWC 

265 

- 

310 

- 

390 

. - 

ns 


CAS to WE Delay 

tCWD 

60 

— 

75 

- 

100 

- . 

ns 

8 

RAS to WE Delay 

tRWD 

120 

- 

150 

- 

200 

- 

ns 


CAS Precharge Time 

tcPN 

50 

- 

60 

- 

80 

- 

ns 


CAS Setup Time 

tc SR 

10 

- 

10 

- 

10 

- 

ns 


CAS Hold Time (CAS before RAS Refresh) 

tCHR 

120 

- 

150 

- 

200 

- 

ns 


RAS Precharge to CAS Hold Time 

t RPC 

0 

- 

0 

- 

0 

- 

ns 



Notes 

1. AC measurements assume tp = 5ns. 

2. Assumes that t RC D ^ ( RCD ( max )- If t R cD is 'greater 
than the maximum recommended value shown in this 
table, ^rac exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads 
and lOOpF. 

4. Assumes that t R £ D ^ { R CD (max). 

5. tQpp (max) defines the time at which the output 
achieves the open circuit condition and is not refer- 
ence to output voltage levels. 

6. Vju (min) and Vjp (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between Vjpr and Vj^. 

7. Operation with the tp^D (max) limit insures that 
tRAC (max) can be met, tp^D (max) is specified as a 
reference point only, if tpcp is greater than the 
specified tpgp (max) limit, then access time is 
controlled exclusively by tcAC- 


8. twcs> *CWD and *RWD are not restrictive operating 
parameters. 

They are included in the data sheet as electrical 
characteristics only; if f wcs = ( WCS (min), the cycle 
is an early write cycle and the data output pin will 
remain open circuit (high impedance) throughout the 
entire cycle; if t C WD ^ t CWD ( min ) and t RWD ^ 
*RWD (min) the cycle is a read-write and the data 
output will contain data read from the selected cell; if 
neither of the above sets of conditions is satisfied the 
condition of the data out (at access time) is indeter- 
minate. 

9. There parameters are refer ence d to CA$ leading edge 
in early write cycles and to WE leading edge is delayed 
write or read-modify-write cycles. 

10. An initial pause of 100/us is required after power-up 
followed by a m inimu m of 8 i nitia lization cycles. 

11. Minimum of 8 CAS before RAS refresh cycle is re- 
quired before using internal refresh counter. 


■ TIMING WAVEFORMS 
• READ CYCLE 
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HM50257-1 2, HM50257-15, HM50257-20 


• COUNTER TEST 



Write 



T 

\ 

\ 


■ NIBBLE MODE CHARACTERISTICS ( 0 to +70°C, Fcc = 5V±10%, V ss =0V) 


Parameter 

Symbol 

I HM50257-12 i 

HM50257-15 

| HM50257-20 

Unit 

min 

max 

min 

max 

min 

max 

Nibble Mode Supply Current 

Icct 

- 

57 

- 

48 

- 

37 

mA 

Nibble Mode Access Time 

tNAC 

- 

20 

— 

25 

- 

35 

ns 

Nibble Mode HAS Cycle Time 

tsRC 

390 

- 

460 

- 

590 

- 

ns 

Nibble Mode ftAS Pulse Width 

tNRA 

290 

- 

350 

- 

460 

- 

ns 

Nibble Mode Cycle Time 

t NC 

50 

- 

60 

- 

80 

- 

ns 

Nibble Mode CAS Precharge Time 

tNCP 

20 

- 

25 

- 

35 

- 

ns 

Nibble Mode CAS Pulse Width 

Inca 

20 

- 

25 

- 

35. 

- 

ns 

Nibble Mode HAS Hold Time 

tsRSH 

40 

- 

45 

- 

55 

- 

ns 


• NIBBLE MODE READ CYCLE 
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HN61364P, HN61364FP 


8192-word x 8-bit Mask Programmable Read Only Memory 

The HN61364P/FP is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 

The active level of the CS, OE 0 ~ OE 2 inputs and the memory content 
are defined by the user. The Chip Select input deselects the output and 
puts the chip in a powerdown mode. 

■ FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5V Power Supply 

• Three-state Data Output for OR-ties 

• Mask Programmable Chip Select and Output Enable 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Standby and Low Power Operation; Standby 5/uW (typ), 
Operation 50mW (typ) 

• Pin Compatible with EPROM 



■ PIN ARRANGEMENT 


■ BLOCK DIAGRAM 


• HN61364P 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Supply Voltage* 

Vcc 

-0.3 to +7.0 

V 

Input Voltage* 

Vm 

-0.3 to +7.0 

V 

Operating Temperature 

T opr 

-20 to +75 

°C 

Storage Temperature 

T s tg 

-55 to +125 

°C 

Bias Storage Temperature 

Tb ias 

-20 to +85 

°C 


* with respect to Vss 

■ RECOMMENDED DC OPERATING CONDITIONS 




(Top View) 
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HN61364P, HN61364FP 


■ ELECTRICAL CHARACTERISTICS ( V cc = 5V±10%, Vss = OV, T a = -20 to +75° C 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input High-level Voltage 

Ym 


2.2 

- 

Vcc 

V 

Input Low-level Voltage 

V,L 


-0.3 

- 

0.8 

V 

Output High-level Voltage 

V 0 H 

IoH = — 205/iA 

2.4 

- 

- 

v 

Output Low-level Voltage 

VOL 

^OL = 3-2mA 

- 

- 

0.4 

V 

Input Leakage Current 

lin 

V in =0 to 5.5V 

- 

- 

2.5 

mA 

Output High-level Leakage Current 

Iloh 

V out =2AV, CS=0.8V, CS=2.2V 

- 

- 

10 

mA 

Output Low-level Leakage Current 

Ilol 

V out = 0.4V, CS=0.8V, CS=2.2V 

- 

- 

10 

mA 

Supply Current 

Active 

Icc * 

V cc = 5.5 V, I ou ^=0m A 

- 

10 

25 

mA 

Standby 

I SB 

V C c= 5.5V, CS^F cc -0.2V, CS^0.2V 

- 

1 

30 

mA 

Input Capacitance 

Qn 

V in = 0V, /=lMHz, T a =25°C 

- 

- 

10 

pF 

Output Capacitance 

Cout 

- 

- 

15 

pF 


* steady state current 


■ RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 

(Vcc-5V±10%, Vss = 0V, Ta- 20 to + 75°C, *r-l,-20ns) 


Item 

Symbol 

min 

max 

Unit 

Read Cycle Time 

*RC 

250 

- 

ns 

Address Access Time 

*AA 

- 

250 

ns 

Chip Select Access Time 

*ACS 

- 

250 1 

ns 

Chip Selection to Output in Low Z 

*CLZ 

10 

- 

ns 

Output Enable to Output Valid 

toE 

- 

100 

ns 

Output Enable to Output in Low Z 

tOLZ 

10 

- 

ns 

Chip Deselection to Output in High Z 

tcHZ 

0 

100 

ns 

Chip Disable to Output in High Z 

toHZ 

0 

TOO 

ns 

Output Hold from Address Change 

toH 

10 

- 

ns 


■ TIMING WAVEFORM 


• Read Cycled) 


Address )| 

— (rc — 

( — 1 

( Z 

^ - 1 1 \ mm- 1 



oh WWW 

i 

jr, 

77777 


L 

— — tof 
t()LZ 


_77 

tOH 

777IL 

Dour 

(AC r 


! ' tonz-.— 

L. tCHZ'- — 

( ZWr 

L td.Z— 

<7> 


• Read Cycle ( 2 ) Notes 1 , 3 


Address* ^ 

j- t RC H 

( 1 U 

CZZI 

Li — ton — 



— tOH-~- \ 


Dout ) 


< -3 

r 


• AC TEST LOAD 



2. Cl includes jig capacitance. 

3. AH diodes are 1S2074®. 


NOTES: 

1 . Device is continuously selected. 

2. Address Vaild prior to or coincident 
wit h 65 transition low. 

3. OE = V, L 


• Road Cycle ( 3 ) Notes 2 , 3 


C'S- 
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HN61365P 


81 92- word x 8- bit Mask Programmable Read Only Memory 


The HN61365P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, 
has compatibility with TTL, and requires no clocks or refreshing 
because of static operation. 

The active level of the CS input and the memory content are de- 
fined by the user. The chip select input deselects the output and 
puts the chip in a power-down mode. 

■ FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5 Volt Power Supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Select 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Standby and Low Power Operation; Standby 5juW 
(typ.). Operation 50mW (typ.) 

• Pin Compatible with EPROM 


■ BLOCK DIAGRAM 



- Do 

- Di 

- Di 
-Dj 

- D* 
* Ds 
-Do 
*D» 



■ PIN ARRANGEMENT 


AzJT 

w 

77] Vfcc 

a «[T 


23] As 

As [7 


1] Ao 

a, [7 


2T|aiz 

a 3 [T 


20]CS* 

AzfT 


171 A 10 

a,[T 


77) An 

Ao [7 


77] e>7 

Do [T 


16~| Do 

Di [77 


71] Ds 

Dz fir 


7T) Do 

VssUl 


77] d 3 


(Top View) 


* Active level defined by the user. 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Supply Voltage* 

Vcc 

-0.3 to +7.0 

V 

Input Voltage* 

v in 

-0.3 to +7.0 

V 

Operating Temperature 

T„pr 

-20 to +75 

*c 

Storage Temperature 

T. tg 

-55 to +125 

°c 

Storage Temperature (under bias) 

Tint, 

-20 to +85 

°c 


* with respect to Vss 
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HN61365P 


■ RECOMMENDED DC OPERATING CONDITIONS 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage* 

Vcc 

4.5 

5.0 

5.5 

V 

Input Voltage * 

v lL 

-0.3 

- 

0.8 

V 

V IH 

2.2 

- 

V cc 

V 

Operating Temperature 

T opr 

-20 

- 

75 

°C 


* With respect to Vss 


■ ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, Vss-OV, To-- 20 to +75’C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Voltage 

V 1H 


2.2 

1 

Vcc 

V 

V IL 


-0.3 

- ^ 

0.8 

V 

Output Voltage 

VoH 

I oh 205M 

2.4 

- 

- 

V 

Voi 

Iol*^ 3 .2mA 

- 

- 

0.4 

V 

Input Leakage Current 

Ili 

V/at=*0~5.5V 

- 

- 

2.5 

M 

Output Leakage Current 

Iloh 

CS-0.8V, CS = 2.2V 

Vout = 2 . 4 V 

- 

- 

10 

M 

Ilol 

Vo„ t = 0.4V 

— 

- 

10 

M 

Active Supply Current 

Icc * 

Vcc — 5.5V, Idout— 0mA 

- 

10 

25 

mA 

Stand by Supply Current 

I SB 

CS^Vcc-0.2V, CS^0.2V, V CC =5.5V 

- 

1 

30 

M 

Input Capacitance 

c, n 

V,„ = 0V, /= 1MHz, Ta = 

25°C 

- 

- 

10 

pF 

Output Capacitance 

Coul 

- 

- 

15 

pF 


* Steady state current 


■ RECOMMENDED AC OPERATING CHARACTERISTICS 


• READ SEQUENCE (Vcc- 5V± 10%, V 5s -0V, To--20 to +75'C, t.-t,- 20ns) 


Item 

Symbol 

min 

max 

Unit 

Read Cycle Time 

tfiC 

250 

- 

ns 

Address Access Time 

tAA 

- 

250 

ns 

Chip Select Access Time 

tACS 

- 

250 

ns 

Chip Selection to Output in Low Z 

tcLZ 

10 

- 

ns 

Chip deselection to Output in High Z 

tcHZ 

0 

100 

ns 

Output Hold from Address Change 

t OH 

10 

- 

ns 


• AC TEST LOAD 


► READ CYCLE (1) 




X 


/zzzzzz 


KXX 


m- 



• READ CYCLE (2) (Notes 1) 





\ 

/ 

( _> 

( 


1 tn " 


I 

1 -■ H 


\ 

i 

2X0 

( 0 

7~" 


Notes) 1. 20ns. 

2. Cl includes jig capacitance. 

3. All diodes are 1S2074®. 


• READ CYCLE (3) (Notes 2) 




Notes) 

1 . Device is continuously selected 

2. Address Valid prior to or coincident with CS 
transition low. 
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HN61366P 


8192-word x 8-bit Mask Programmable Read Only Memory 


The HN61366P is a mask-programmable, byte-organized memory 
designed for use in bus-organized systems. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks or refreshing because of 
static operation. 

The active level of the OE input and the memory content are defined 
by the user. 

■ FEATURES 

• Fully Static Operation 

• Single +5V power supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Output Enable 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Operation; 50m W (typ.) 

• Pin Compatible with EPROM 


■ BLOCK DIAGRAM 




IPIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Supply Voltage* 

Vcc 

-0.3 to +7.0 

V 

Input Voltage* 

V, n 

-0.3 to +7.0 

V 

Operating Temperature 

To f r 

-20 to +75 

°c 

Storage Temperature 

T,t t 

-55 to +125 

°c 

Storage Temperature (under bias) 

T blt . 

-20 to +85 

•C 


* With respect to Vss 


■ RECOMMENDED DC OPERATING CONDITIONS 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage* 

Vcc 

4.5 

5.0 

5.5 

V 

Input Voltage* 

v lL 

-0.3 

- 

0.8 

V 

V IH 

2.2 

- 

Vcc 

V 

Operating Temprature 

To P r 

-20 

- 

75 

°C 


* With respect to Vss 
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HN61366P 


■ ELECTRICAL CHARACTERISTICS (Kcc-5V±10%, V ss -OV, 7a--20 to +75’C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Voltage 

V, H 


2.2 

- 

Vcc 

V 

V'L 


-0.3 

- 

0.8 

V 

Output Voltage 

V 0 H 

Jo« — — 205>uA 

2.4 

- 

- 

V 

VoL 

/ol— 3.2mA 

- 

- 

0.4 

V 

Input Leakage Current 

hi 

V/* — 0~5.5V 

- 

- 

2.5 

M 

Output Leakage Current 

Iloh 

OE — 0.8V, OE — 2.2 V 

Vovt— 2.4V 

- 

- 

10 

M 

Ilol 

Voi/r— 0.4 V 

- 


10 

mA 

Operating Supply Current 

Ice* 

| Vcc ""5.5V, Joi/t— 0mA j 

- 

10 

25 

mA 

Input Capacitance 

Cl. 

Vi.- 0V, /— 1MHz, Ta - 

25’C 

- 

- 

10 

pF 

Output Capacitance 

Cout 

- 

- 

15 

P F 


* Steady state current 


■ RECOMMENDED AC OPERATING CONDITIONS 
• READ CYCLE (Kcc-5V±10%, Kss-OV, Ta- -20~ + 75"C, i^-tz-aOns) 


Item 

Symbol 

min 

max 

Unit 

Read Cycle Time 

tftC 

250 

- 

ns 

Address Access Time 

tAA 

- 

250 

ns 

Output Enable to Output Valid 

toE 

- 

100 

ns 

Output Enable to Output in Low Z 

toLZ 

10 

- 

ns 

Output Disable to Output in High Z 

t OH Z 

0 

100 

ns 

Output Hold from Address Change 

t OH 

10 

- 

ns 


• LOAD CIRCUIT 



5.0V( Vcc) 
Rl *2.4kQ 


Notes) 1. 1, — t/— 20ns 

2. Ci, includes jig capacitance. 

3. All diodes are IS 2074®. 


■ TIMING WAVEFORM 
• READ CYCLE (1) 



Address ^ 

— 

C ) 

( 


U ‘oh H 





Dout 

^0 

K 1 

7^ 


Note) 1. OE“ Vil 
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HN43128P 


16384X 8-bit or 32768 x 4-bit CMOS Mask Programmabie Read Only Memory 

The Hitachi HN43128P is a mask programmable, 16384x8-bit or 
32786x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL and DTL. Low power con- 
sumption makes this memory well-suited for battery-operation or 
hand-held personal computers. Memory expansion can be imple- 
mented through two chip select inputs. Either active "High" or active 
"Low" of chip select inputs and a chip enable input is defined at mask 
level. The organization of 8 bit or 4 bit is designed by the user. 


■ FEATURES 

• Mask-programmable for either 4-bit or 8-bit organization. 

• Three-state outputs, can be wired-OR. 



• Two mask programmable chip select terminals facilitate memory BPIN ARRANGEMENT 


expansion. 

• A single 5V power supply (±10%). 

• Low power consumption: Operation 3mW (typ.), 

• Standby 3//W (typ.) 

• TTL compatible 

• Access time: 6.5/xs (max) 


■ BLOCK DIAGRAM 




(Top View) 

♦ The most significant address in 4-bit organization. 


* 1 Active level defined at mask level. 

*2 Mask programmable selection of either 4-bit or 
8-bit organization. 

In 4-bit organization, data outputs are Do to D 3 . 
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HN43128P 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage* 

Vcc 

—0.3 — h7.0 

V 

Input Voltage* 

Vin 

— 0.3~~f 7.0 

V 

Operating Temperature Range 

Topr 

— 20 — ■ -h 75 

*C 

Storage Temperature 

T.„ 

— 55 — 1-125 

*C 

Bias Storage Temperatore 


— 20 — h85 

*C 


Note - ♦ Referenced to Vss. 


■ ELECTRICAL CHARACTERISTICS ( Kcc-5V±10%, V ss -0V, Ta 20~+75”C) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input “High” Level Voltage 

v,„ 


2.4 

- 

Vcc 

V 

Input “Low” Level Voltage 

v IL 


0 

- 

0.8 

V 

Output “High” Level Voltage 

V OH 

Ioh-- 100 //A 

2.4 

- 

- 

V 

Output “Low” Level Voltage 

VoL 

Tot — 1 .6mA 

- 

- 

0.4 

V 

Input Leakage Current 

/,„ 

V, n — 0~5.5V 

- 

- 

2.5 

M 

Output “High” Level Leakage Current 

Iloh 

CE — 0.8 V 

ClT— 2.4 V 

V nt -2.4V 

- 

- 

5 

M 

Output “Low” Level Leakage Current 

Ilol 

V'U, -0.4V 

- 

- 

5 

M 

Supply Current 

In stand-by 

I SB 

Vcc— 0.2V 
CS2 Vj S + 0.2V 

Vcc- 5.5V 

- 

1 

30 

MA 

In operation 

Icc * 

t«c-7.5^s 

- 

0.6 

1.5 

mA 

Input Capacitance 

C, n 

V;.-0V t /-lMHz, r a -25*C 

- 

- 

10 

pF 

Output Capacitance 


- 

- 

12.5 

pF 


* Steady state current 


■ AC OPERATING CHARACTERISTICS 

• READ SEQUENCE (V C c = 5V±10%, K ss = 0V, 7a-- 20 to +75°C, l,-*/- 20ns) 


Item 

Symbol 

min 

max 

Unit 

Read Cycle Time 

t«c 

7.5 

- 

Ms 

Address Access Time 

&AACC 

- 

6.5 

Ms 

Chip Enable Access Time 

tEACC 

- 

6.0 

Ms 

Data Hold Time from Address 

toF 

0.05 

0.5 

Ms 

Address Set-up Time 

tAS 

0.5 

- 

Ms 

Address Hold Time 

tAH 

0 

- 

Ms 

Chip Enable ON Time 

l CE 

6.0 

- 

Ms 

Chip Enable OFF Time 

tcE 

1.0 

- 

Ms 



• LOAD CIRCUIT 



Notes : 1. tf — t/—20ns. 

2. Cl includes jig capacitance. 

3. All diodes are 1S2074 (0). 
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HN613128P, HN613128FP 


16384-word x 8-bit Mask Programmable Read Only Memory 


The HN613128P/FP is a mask-programmable, byte-organized 
memory designed for use in bus-organized systems. To facilitate use, 
the device operates from a single power supply, has compatibility 
with TTL, and requires no clocks or refreshing because of static ope- 
ration. The active level of the CS, OE 0 , OEi input and the memory 
content are defined by the user. The Chip Select input deselects the 
output and puts the chip in a power-down mode. 

■ FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5-Volt Power Supply 

• Three-State Data Output for OR-Ties 

• Mask Programmable Chip Select, Output Enable 

• TTL Compatible 

• Maximum Access Time; 250ns 

• Low Power Standby and Low Power Operation; 

Standby: 5juW (typ.) 

Operation: 50mW (typ.) 

• Pin Compatible with EPROM 

■ BLOCK DIAGRAM 



* Active level defined by the user. 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Supply Voltage* 

Vcc 

-0.3 to +7.0 

V 

Input Voltage* 

V tn 

—0.3 to +7.0 

V 

Operating Temperature Range 

T 0 pr 

-20 to +75 

°c 

Storage Temperature Range 

T'„ 

-55 to +125 

# c 

Storage Temperature Range (under bias) 

Tb, t , 

-20 to +85 

°c 


* With respect toVss. 


■ RECOMMENDED DC OPERATING CONDITIONS 


Item 

Syrpbol 

min. 

typ. 

max. 

Unit 

Supply Voltage* 

Vcc 

4.5 

5.0 

5.5 

V 

Input Voltage* 

VlL 

-0.3 

- 

0.8 

V 

VlH 

2.2 

- 

Vcc 

V 

Operating Temperature 

Topr 

-20 

- 

75 

’C 


0 HITACHI 


HN613128P 



(DP-28) 


HN613128FP 



(FP-54) 

■ PIN ARRANGEMENT 

• HN613128P 


nc(T 


¥] Vcc 

A 12 [ir 


17] OEi * 

A? [T 


~26~) A 1 3 

Ae [T 


~25l As 

As[T 


Ao 

A 4 [IT 


23] An 

a 3 [T 


22] OEo * 

a 2 [F 


ID Al ° 

Ai [T 


~2o1 CS * 

Ao [To 


75] d? 

Do [n 


J8] d 6 

Di [77 


77) d 5 

Dz [1 


77] d 4 

Vss QT 


77) d 3 


(Top View) 

• HN613128FP 



♦ With respect to Vss. 
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HN613128P, HN613128FP 


■ ELECTRICAL CHARACTERISTICS (Vcc-5.0V±10%, V ss -OV, r<i--20to +75'C) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input High-level Voltage 

V,H 


2.2 

- 

Vcc 

V 

Input Low-level Voltage 

V IL 


-0.3 

- 

0.8 

V 

Output High-level Voltage 

VOH 

I oh — — 205^ A 

2.4 

- 

- 

V 

Output Low-level Voltage 

VOL 

Iol — 3.2mA 

- 

- 

0.4 

V 

Input Leakage Current 

/.„ 

Vm-0 to 5.5V 

- 

- 

2.5 

M 

Output High-level Leakage Current 

Iloh 

Vout —2.4V, CS —0.8V, CS- 2.2V 

- 

- 

10 

M 

Output Low-level Leakage Current 

Ilol 

Vo Ul -0.4V,CS»0.8V,CS» 2.2V 

- 

- 

10 


Supply Current (Active/Standby) 

Ice/ Lh 

Vcc- 5 . 5V, hour- 0mA /CS S Vcc~0 . 2V,CS ^ 0 . 2 V 

- 

10/1 

25/30 

mA /a«A 

Input Capacitance 

c. 

V. n -0V,y»1.0MHz, Ta— 25°C 

- 

- 

10 

P F 

Output Capacitance 

Cou, 

| V,. — 0V,/— 1.0MHz, Ta- 25*C 

- 

- 

15 

P F 


* Steady state current 


■ RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 

( Vcc — 5.0V± 10%, Vss=0V, Ta= — 20 to +75*C,AI1 timing with t r = t/ = 20ns) 


Item 

Symbol 

HN613128P 

Unit 

min 

max 

Read Cycle Time 

t RC 

250 

- 

ns 

Address Access Time 

t AA 

- 

250 

ns 

Chip Select Access Time 

tACi> 

- 

250 

ns 

Chip Selection to Output in Low Z 

tcLZ 

10 

- 

ns 

Output Enable to Output Valid 

toE 

- 

100 

ns 

Output Enable to Output in Low Z 

toLZ 

10 

- 

ns 

Chip deselection to Output in High Z 

tcHZ 

0 

100 

ns 

Chip Disable to Output in High Z 

loHZ 

0 

100 

ns 

Output Hold from Address Change 

toH 

10 

- 

ns 


■ TIMING WAVEFORM 



• READ CYCLE (2) ( Notes 1,3) 


! 

tRC 


) 

< 


\ 

) 

< 


tAA 

tOH 



1 nr t0H 


3 


< > 

7 ~ 


• READ CYCLE (3) ( Notes 2, 3) 


• AC TEST LOAD 



Notes) 1. — 20ns. 

2. Cl includes jig capacitance. 

3. All diodes are 1S2074®. 


CS 


Dout 




NOTES: 

1. Device is continuously selected. 

2. Address Valid prior to or coincident 
with CS transition low. 

3. OE = VIL. 
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HN61256P, HN61256FP 


32768 x 8-bit or 65536 x 4-bit CMOS Mask Programmable Read Only Memory 

The Hitachi HN61256P/FP is a mask programmable 32768 x 8-bit or 
65536x4-bit CMOS read only memory. It operates from a single 
power supply and is compatible with TTL. Low power consumption 
makes this memory well-suited for battery-operation or hand-held 
personal computers. Memory expansion can be implemented through 
one chip select input. Either active "High" or active "Low" or chip 
select input and a chip enable input are defined at mask level. The 
organization of 8 bit or 4 bit is defined by the user. 

■ FEATURES 

• Mask-programmable selection of either 4-bit or 8-bit organization 

• Three-state outputs, can be wire-0 Red. 

• One mask programmable chip select terminal facilitates memory 
expansion. 

• A single 5V power supply (±10%) 

• Low power consumption: Operation 7.5mW (typ.). 

Standby 5/uW (typ.) 

• TTL compatible 

• Access time: 3.5/us (max) 




*1 Active level defined at mask level. 

*2 Mask programmable selection of either 4-bit or 
8-bit organization. 

In 4-bit organization, data outputs are Do to Do. 




(Top View) 
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HN61256P, HN612S6FP 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage* 

Vcc 

—0.3 — 1-7.0 

V 

Input Voltage* 

V,. 

-0.3-+7.0 

V 

Operating Temperature Range 

To P , 

0- + 75 

*C 

Storage Temperature Range 

T. ;t 

— 55 — ^ 125 

*C 

Bias Storage Temperature Range 

T hit . 

-20- + 85 

°C 


Note ‘ * Referenced to V'ss. 


■ ELECTRICAL CHARACTERISTICS 

(Vcc=5V±10%, V s s-0V, Ta- 0~ + 75"C) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input “High” Level Voltage 

V,H 


2.4 

- 

Vcc 

V 

Input “Low” Level Voltage 

V, L 


0 

- 

0.8 

V 

Output “High” Level Voltage 

VoH 

/o*--100M 

2.4 

- 

- 

V 

Output “Low” Level Voltage 

VoL 

Ioi.“l .6mA 

- 

- 

0.4 

V 

Input Leakage Current 

/., 

V,n “0—5. 5V 

- 

- 

2.5 

M 

Output “High” Level Leakage Current 

Iloh 

CE *=0.8V 

CE-2.4V 

Vo., -2.4V 

- 

- 

5 

M 

Output “Low” Level Leakage Current 

Ilol 

Vo., “0.4V 

~ 

- 

5 

M 

Supply Current 

In stand-by 

I SB 

CSS Vcc— 0.2V. 
CSS V ss + 0.2V 

Vcc“ 5.5V 

- 

1 

30 

M 

In operation 

Icc* 

f*c“4.0^s 

- 

1.5 

3.0 

m A 

Input Capacitance 

G« 

V,„“0V,/=lMHz, Ta“25’C 

- 

- 

10 

pF 

Output Capacitance 

G., 

- 

- 

12.5 

pF 


* Steady state current 


■ AC OPERATING CONDITION AND CHARACTERISTICS 



2 . Cl includes jig capacitance. 

3. All diodes are 1S2074®. 
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HN613256P, HN613256FP 


32768-word x 8-bit Mask Programmabie Read Only Memory 

The HN613256P/FP is a mask-programmable, byte -organized memo- 
ry designed for use in bus-organized system. 

To facilitate use, the device operates from a single power supply, has 
compatibility with TTL, and requires no clocks nor refreshing 
because of static operation. 

The active level of the CS and OE input, and the memory content 
are defined by the user. The Chip Select input deselects the output 
and puts the chip in a power-down mode. 

■ FEATURES 

• Fully Static Operation 

• Automatic Power Down 

• Single +5V Power Supply 

• Three-state Data Output for OR-ties 

• Mask Programmable Chip Select and Output Enable 

• TTL Compatible 

• Maximum Access Time: 250ns 

• Low Power Standby and Low Power Operation; 

Standby 5juW (typ.), Operation 50mW (typ.) 

• Pin Compatible with EPROM 

■ BLOCK DIAGRAM 




■ PIN ARRANGEMENT 
• HN613256P 



(Top View) 


♦ Active level can be defined by the customer. 

• HN613256FP 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Supply Voltage* 

Vcc 

-0.3 to +7.0 

V 

Input Voltage* 

V in 

-0.3 to +7.0 

V 

Operating Temperature Range 

T opr 

-20 to +75 

°c 

Storage Temperature Range 

Tstg 

-55 to +125 

°C 

Storage Temperature Range (Under Bias) 

Tbias 

-20 to +85 

°C 


♦With respect to Kss 

■ RECOMMENDED DC OPERATING CONDITIONS 




(Top View) 

* Active level can be defined by the customer. 
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HN613256P, HN613256FP 


■ ELECTRICAL CHARACTERISTICS ( V C c = 5 .0V±10%, V S s = OV, T a = -20 ~ +75 °C) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Voltage 

Vjh 


2.2 

- 

YCC 

V 

V IL 


-0.3 

- 

0.8 

V 

Output Voltage 

V OH 

Ioh ~ -205 m A 

2.4 

- 

- 

V 

VOL 

Iol ~ 3.2 mA 

- 

- 

0.4 

V 

Input Leakage Current 

hn 

Vin = 0 ~ 5.5V 

- 

- 

2.5 

nA 

Output Leakage Current 

Iloh 


v out ~ 2.4V 

- 

- 

MM 

ESSi 

!lol 

V out = 0.4V 

- 

- 

■m 


Supply Current 

Active 

l cc* 

P cc = 5.5V, / OMt = 0 mA 

- 

d 



Standby 

! sb 

V CC = 5.5V, CS ^ Vcc - 0.2V, CS g 0.2V 

- 

1 



Input Capacitance 

C in 

V in = 0V, /= 1 MHz, T a = 25 °C 

- 

- 

10 

pF 

Output Capacitance 

Cout 

- 

- 

15 

pF 


* Steady state current 


■ RECOMMENDED AC OPERATING CONDITIONS (READ SEQUENCE) 

(Vcc = 5V±10%, Vss- OV, Ta 20~ + 75°C, t r -*,-20ns) 


Item 

Symbol 

min 

max 

Unit 

Read Cycle Time 

tRC 

250 

- 

ns 

Address Access Time 

tAA 

- 

250 

ns 

Chip Select Access Time 

tACS 

- 

250 

ns 

Chip Selection to Output in Low Z 

tCLZ 

10 

- 

ns 

Output Enable to Output Valid 

tOE 

- 

100 

ns 

Output Enable to Output in Low Z 

tOLZ 

10 

- 

ns 

Chip Deselection to Output in High Z 

tCHZ 

0 

100 

ns 

Chip Disable to Output in High Z 

tO HZ 

0 

100 

ns 

Output Hold from Address Change 

tOH 

10 

- 

ns 


■ TIMING WAVEFORM 
• READ CYCLE (1) 



• LOAD CIRCUIT 



2. Cl includes jig capacitance 

3. All diodes are 1S2074® 

NOTES: 

1. Device is continuously selected. 

2. Address Valid prior to or coincident 
wit h CS transition low. 

3. OE = VIL. 
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HN62301P 


Preliminary 


131, 072- word x 8-bit Mask Programmable Read Only Memory 

The HN62301P is a mask*programmable, byte-organized memory 
designed for use in bus-organized systems. To facilitate use, the 
device operates from a single power supply, has compatibility with 
TTL, and requires no clocks or refreshing because of static opera- 
tion. The Chip Enable and the memory content are defined by the 
user. The Chip Enable input deselects the output and puts the chip 
in a power-down mode. 

■ FEATURES 

• Static Operation 

• Automatic Power Down 

• Single +5-Volt Power Supply 

• Three-State Data Output for OR-Ties 

• TTL Compatible 

• Maximum Access Time-350ns 

• Lower Power Standby and Low Power Operation; 

Standby: 2mW (typ.). Operation: 75mW (typ.) 

■ BLOCK DIAGRAM 



-Do 

-Di 

~D 2 

“Da 

-D« 

-Ds 

“Do 

-d 7 



I PIN ARRANGEMENT 



(Top View) 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Supply Voltage* 

Vcc 

-0.3 to +7.0 

V 

Input Voltage* 

V in 

-0.3 to +7.0 

V 

Operating Temperature Range 

T opr 

0 to +70 

°C 

Storage Temperature Range 

T. tg 

-55 to +125 

*C 

Bias Storage Temperature Range 

Tats 

-20 to +85 

# C 


* With respect to Vss 


Note) The specifications of this device are subject to 
change without notice. 

Please contact your nearest Hitachis Sales 
Dept, regarding specifications. 
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HN62301P 


■ RECOMMENDED DC OPERATING CONDITIONS (To- 0 to 70’C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage* 

Vcc 

4.5 

5.0 

5.5 

V 

Input Voltage* 

ViL 

-0.3 

- 

0.8 

V 

V,H 

2.2 

- 

V cc 

V 



* with respect Vss 


■ ELECTRICAL CHARACTERISTICS (Kcc-5V±10%, F ss = 0V, Ta=0 to +70°C) 


Item 

Symbol 

| 

Test Conditions 

min 

typ 

max 

Unit 

Normal Operating Current 

lea * 

t«ci=min, Vcc™ 5.5V, hut — 0mA 

- 

15 

50** 

mA 

Nibble Operating Current 

Iccz * 

tKC2”min, Vcc^S.SV, Li“0mA 


15 

50** 

mA 

Stand by Current 

IsB 

UE^V CC -0.2V, Vcc“5.5V 

- 

0.4 

10 

mA 

Input Leakage Current 

Iu 

V/n” 0 to 5.5V, other 0V 

-10 

- 

10 

M 

Output Leakage Current 

Iloh 

CE=2.2V 

Vout-2AV 

- 

- 

10 

M 

Ilol 

V o ,i = 0.4V 

- 

- 

10 

M 

Output Voltage 

Von 

/ou«”-205M 

2.4 

- 

- 

V 

VoL 

hut- 3. 2 mA 

- 

- 

0.4 

V 


* Steady state current 

* * TBD 


■ CAPACITANCE (7co=5V±10%, Ta=25”C, 1MHz V f ,-0V) 


Item 

Symbol 

typ 

max 

Unit 

Input Capacitance (Ao~Au, C£) 

Ciu 

TBD 

10 

pF 

Output Capacitance (Do~D7) 

Cout 

TBD 

15 

pF 


■ AC CHARACTERISTICS ( Kcc = 5V±10%, V ss = 0V, Ta=0 to +70‘C, t, = t/ = 20ns) 


Mode 

Item 

Symbol 

min 

max 

Unit 

Normal 

Cycle Time 

Irc i 

350 

- 

ns 

Address Access Time 

tAA 1 

- 

350 

ns 

Data Hold Time 

t OH 

10 

- 

ns 

UE operation 

CE Access Time 

tACE 

- 

350 

ns 

UE Enable Pulse Width 

Ice 

350 

- 

ns 

CE Disable Pulse Width 

VcE 

15** 

- 

ns 

Address Set up Time 

tAS 

0 

- 

ns 

Data Hold Time from EE 

tcHZ 

10** 

- 

ns 

Data Set Time from CE 

tcLZ 

10 

- 

ns 

Nibble operation 

Nibble Address Access Time* 

tAAZ 

. . . j 

50 

ns 

Nibble Cycle Time 

t RCZ 

50 

- 

ns 

Turn-on & Turn-off Time 

It 

_ 

40 

ns 


* Nibble Address Ao,Ai 
** TBD 
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HN462716, HN462716G 


HN462716 


2048 - word x 8- bit U.V. Erasable and Electrically Programmable Read Only Memory 

The HN462716 is a 2048 word by 8 bit erasable and electrically 
programmable ROMs. This device is packaged in a 24*pin, dual-in- 
line package with transparent lid. The transparent lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern, 
whereby a new pattern can then be written into the device. 

• Single Power Supply • • • • +5V ±5% 

• Simple Programming • • • • Program Voltage: +25V DC 

Programs with One 50ms Pulse 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Fully Decoded-on Chip Address Decode 

• Access Time 450ns Max. 

• Low Power Dissipation • • 555mW Max. Active Power 

161mW Max. Standby Power 

• Three State Output OR- Tie Capability 

• Interchangeable with Intel 2716 


I BLOCK DIAGRAM 


0E 

CE 


mum 



CS, Power Down & 
Prog. Logic 


Output Buffers 

t: 

- 




o — * 




gz: 

Y Decoder 

• 

• 

Y Gating 



* 




• 

• 



X Decoder 

• 

16384bit EPROM Matrix 

o— - 

• 

• 

• 

■ Z 


I PROGRAMMING OPERATION 


Pins 

CE 

OE 

Vpp 

Vcc 

Outputs 

Mode 

(18) 

(20) 

(21) 

(24) 

(9-11,13-17) 

Read 

VlL 

VlL 

4-5 

+ 5 

Dout 

Deselect 

Don’t Care 

VlH 

4-5 

+ 5 

High Z 

Power Down 

VlH 

Don’t Care 

+ 5 

+ 5 

High Z 

Program 

Pulsed Vil to Vih 

V,H 

4-25 

+ 5 

Din 

Program Verify 

VlL 

VlL 

+ 25 

+ 5 

Dout 

Program Inhibit 

VlL 

VlH 

+ 25 

+ 5 

High Z 



(DC-24C) 


HN462716G 



(DG-24B) 


I PIN ARRANGEMENT 



I ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Operating Temperature Range 

Topr 

0 to +70 

°C 

Storage Temperature Range 

T,„ 

-65 to +125 

°C 

All Input and Output Voltages* 

Vr 

-0.3 to +7 

V 

Vpp Supply Voltage* 

Vpp 

-0.3 to +28 

V 


* With respect to Ground 
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HN462716, HN462716G 


■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (Ta-0 to +70‘C, Vcc-5V±5%, Vpp= Vcc±0.6V) 


Item 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Leakage Current 

Iu 

V/*»5.25V 

- 

- 

10 

Mk 

Output Leakage Current 

Ilo 

Voi/r= 5.25 V/0. 4 V 

- 

- 

10 

mA 

Vpp Current 

Ippx 

W/*=5.85V 

- 

- 

5 

m A 

Vcc Current (Standby) 

Icc 1 

CE-Vih, OE = V/t 

- 

13 

25 

m A 

Vcc Current (Active) 

IcC2 

1 

|w 

io 

- 

56 

100 

mA 

Input Low Voltage 

VlL 


-0.1 

- 

0.8 

V 

Input High Voltage 

Vim 


2.0 

- 

Vcc+1 

V 

Output Low Voltage 

VOL 

lot * 2 . 1 m A 

- 

- 

0.4 

V 

Output High Voltage 

VoH 

/<)/#“■ — 400/^A 

2.4 

- 

- 

V 


Note 1 Vet must be applied simultaneously or before and removed simultaneously or after Vpp. 


• AC CHARACTERISTICS (T«=0 to +70‘C, Vcc-5V±5%, Vpp- Vcc±0.6V) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Address to Output Delay 

tACC 

OlT=CE = Vil 

- 

- 

450 

ns 

CE to Output Delay 

tcE 

OE -Vu 

- 

- 

450 

ns 

OE to Output Delay 

tOE 

CE = V,l 

- 

- 

120 

ns 

OE High to Output Float* 

tDF 

CEr= Vil 

0 

- 

100 

ns 

Address to Output Hold 

t OH 

OE=CE = V,l 

0 

- 

- 

ns 


* .’ toy defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• CAPACITANCE (ra=25°C,/=lMHz) 


Item 

Symbol 

Test Condition 

typ. 

max. 

Unit 

Input Capacitance 

C.. 

V/,v=0V 

- 

6 

pF 

Output Capacitance 

Co., 

VW=0V 

- 

12 

pF 


• SWITCHING CHARACTERISTICS 

Test Conditions 

Input Pulse Levels: 

Input Rise and Fall Times: 

Output Load: 

Reference Level for Measuring Timing: 


0.8V to 2.2 V 
£ 20 ns 

1TTL Gate + 100 pF 
Inputs 1Vand2V 
Outputs 0.8V and 2V 


READ MODE (CE-Vil) 



STANDBY MODE (OE-Vit) 


Address 


X 


CE Standby Mode 


Data Out 


\ 


Active Mode 


) Standby Mode 

y i 
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HN46271 6, HN462716G 


• TYPICAL CHARACTERISTICS 



0 20 40 60 80 


Temperature (*C) 



0 200 400 600 800 

Capacitance (pF) 



• DC PROGRAMMING CHARACTERISTICS (To-25’C±5*C, Vcc = 5V±5%, Vn>-25V±1V) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Leakage Current 

Iu 

V/ai“5.25V 

- 

- 

10 

ma 

Vpp Supply Current 

Ippi 

CE-Mi. 

- 

- 

5 

mA 

Vpp Supply Current During Programming 

I PP2 

CE = V,„ 

- 

- 

30 

mA 

Vcc Supply Current 

Icc 


- 

- 

100 

mA 

Input Low Level 

VlL 


-0.1 

- 

0.8 

V 

Input High Level 

V,H 


2.0 

- 

Vcc+1 

V 


• AC PROGRAMMING CHARACTERISTICS (To— 25'C±5"C, Vcc — 5V ±5%, VW— 25V±1V) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Address Setup Time 

tAS 


2 

- 

- 

Ms 

OE Setup Time 

tOES. 


2 

- 

- 

MS 

Data Setup Time 

tos 


2 

- 

- 

MS 

Address Hold Time 

Iah 


2 

- 

- 

Ms 

OE Hold Time 

tOEH 


5 

- 

- 

Ms 

Data Hold Time 

t DH 


2 

- 

- 

MS 

OE to Output Float Delay* 

tDF 

CE = V,l 

0 

- 

120 

ns 

OE to Output Delay 

tOE 

CE-Vh. 

- 

- 

120 

ns 

Program Pulse Width 

tpw 


45 

50 

55 

ms 

Program Pulse Rise Time 

tPRT 


5 

- 

- 

ns 

Program Pulse Fall Time 

tPFT 


5 ! 


- 

ns 


Notes I Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

* '.tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
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HN46271 6, HN462716Q 


• SWITCHING CHARACTERISTICS 

Test Conditions 

Input Pulse Level: 0.8V to 2.2V 
Input Rise and Fall Times: ^ 20 ns 
Output Load: 1 TTL Gate + 100 pF 
Reference Level for Measuring Timing: 

Inputs; IV and 2 V, Outputs; 0.8V and 2V 


• PROGRAMMING WAVEFORMS 



•ERASE 

Erasure of HN462716 is performed by exposure to ultra- 
violet light with a wavelength of 2537A, and all the output 
data are changed to "1" after this erasure procedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W • sec/cm 2 

■ DEVICE OPERATION 

• READ MODE 

Dataout is available 450ns (t ACC ) from addresses 
with OE low or 120ns (t OE ) from OE with add- 
resses stable. 

• DESELECT MODE 

The outputs may be OR-tied together with the 
other HN462716s. When HN462716s are dese- 
lected, the OE inputs must be at high TTL level. 

• POWER DOWN MODE _ 

Power down is achieved with CE high TTL level. In 
this mode the outputs are in a high impedance state. 


The addresses and inputs are at TTL levels. 

After the address and data setup, a 50 ms, active 
high program pulse is applied to the CE input. The 
CE is at TTL level. 

The HN462716 must not be programmed with a DC 
signal applied to the CE input. 

• PROGRAM VERIFY 

The HN462716 has a program verify mode. A verify 
should be performed on the programmed bits to 
determine that they were correctly programmed. In 
this mode Vpp is at 25V. 


• PROGRAMMING 

Initially, and after each erasure, all bits of the 
HN462716 are in the "High" state (Output High). 
Data is introduced by selectively programming 
"low" into the desired bit locations. In the program- 
ming mode, Vpp power supply is at 25V and OE 
input is at high TTL level. Data to be programmed 
are presented 8-bits in parallel, to the data output 
lines (00 to 07). 


• PROGRAM INHIBIT 

Programming of multiple HN462716s in parallel 
with different data is easily accomplished by using 
this mode. Except for CE, all like inputs of the 
parallel HN462716s may be common. 

A TTL program pulse applied to a HN462716 / s^E 
input will program that HN462716. A low level CE 
inhibits the other HN462716s from being pro- 
grammed. 
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4096- word x 8- bit U. V. Erasable and Programmable Read Only Memory 


The HN462532 is a 4096 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 24-pin, dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 

The HN462532P is a 4096 word by 8 bit, one time programmable ROM. 
This device is packaged in a 24-pin, dual-in-line plastic package. 

■ FEATURES 

• Single Power Supply +5V ±5% 

• Simple Programming Program Voltage: +25V D.C. 

Program with One 50ms Pulse 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Fully Decoded On-Chip Address Decode 

• Access Time 450ns (max.) 

• Low Power Dissipation 858mW (max) Active Power 

201 mW (max) Standby Power 

• Three Stste Output OR-Tie Capability 

• Compatible with TMS2532 


■ BLOCK DIAGRAM 


o.-o» 




(Top View) 
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HN462532. HN462532G. HN462532P 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

All Input and Output Voltages* 

Vr 

-0.3 to + 7 

V 

Vpp Voltage* 

Vpp 

-0.3 to +28 

V 

Operating Temperature Range 

Topr 

0 to +70 

*C 

Storage Temperature Range 

T„ t 

-65 to +125 

*c 


* With respect to GND. 


■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS ( Ta- 0 to +70’C, Vcc-5V±5%, Vpp- Vcc±0.6V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

V„ -5.25V 

- 

- 

10 

MA 

Output Leakage Current 

ho 

V av , -5.25V /0.4V 

- 

- 

10 

mA 

Vpp Current 

Ippi 

Vpp — 5.85 V 

- 

- 

12 

m A 

Vcc Current (Standby) 

Icc 1 

CiT— Vih 

- 

- 

25 

m A 

Vcc Current (Active) 

Icci 

CE- Vn 

- 

- 

150 

m A 

Input Low Voltage 

V,L 


-0.1 

- 

0.8 

V 

Input High Voltage 

V,H 


2.0 

- 

Vcc+1 

V 

Output Low Voltage 

VoL 

lot — 2.1mA 

- 

- 

0.4 

V 

Output High Voltage 

VOH 

/o«- -400 f* A 

2.4 

- 

- 

V 


Note ! Vn- must be applied simultaneously or before Vpp and removed simultaneously or after Vp». 


• AC CHARACTERISTICS ( To- 0 to +70'C, Vbc-5V±5%, Vpp- Vcc±0.6V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

lhit 

Address to Output Delay 

tACC 

CE- V,l 

- 

- 

450 

ns 

CE to Output Delay 

tcs 


- 

- 

450 

ns 

CE High to Output Float * 

tDF 


o 

- 

100 

ns 

Address to Output Hold 

toH 

CE- V,l 

0 

- 

- 

ns 


* : tnr defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 

Test Conditions 

Input Pulse Levels: 

Input Rise and Fall Times: 

Output Load: 

Reference Level for Measuring Timing: 


0.8V to 2.2V 
< 20 ns 

1TTL Gate + lOOpF 
Inputs; IV and 2V, 
Outputs; 0.8V and 2V 


\ 

Address A 

t 

t 


Active Mode 


CE 

Standby Mode 

L 

Standby Mode 


\ 


IDF 




V 


t a 

Data Out Valid 

* ? 


/ 


• CAPACITANCE ( Ta- 25‘C, /- 1 M Hz ) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

Cu 

Vm — 0 V 

“ 

- 

6 

PF 

Output Capacitance 

C.„« 

> 

O 

- 

- 

12 

pF 
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HN462532, HN462532G. HN462532P 


■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS ( To= 25‘C ± 5’C, Vcc-5V±5%, V PP -25V±1V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

Vin =5. 25 V /0.4 V 

- 

- 

10 

M 

Vpp Supply Current During Programming] 

Ippz 

CE-V/z. 

- 

- 

30 

mA 

Vcc Supply Current 

Icc 



- 

150 

mA 

Input Low Level 

Vu 


-0.1 

- 

0.8 

V 

Input High Level 

VlH 


2.0 

- 

Vcc+1 

V 


• AC PROGRAMMING CHARACTERISTICS ( Ta- 25‘C ± 5"C, Vcc-5V±5%, Vpp-25V±1V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Address Setup Time 

tAS 


2 

- 

_ 

Ms 

Data Setup Time 

tos 


2 

- 

- 

Ms 

Address Hold Time 

tAH 


2 

- 

- 

Ms 

Data Hold Time 

Idh 


2 

- 

- 

Ms 

Setup Time from Vpp 

tvpps 


0 

- 

- 

ns 

Program Pulse Hold Time 

tpRH 


0 

- 

- 

ns 

Vpp Hold Time 

tvPPH 


0 

- 

- 

ns 

Program Pulse Width 

tpw K 


45 

50 

55 

ms 

Program Pulse Time 

t PR T 


5 

- 

- 

ns 

Program Pulse Time 

tPFT 


5 

- 

- 

ns 


Note ! Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 


• SWITCHING CHARACTERISTICS 

Test Conditions 
Input Pulse Level: 

Input Rise and Fall Times: 

Output Load: 

Reference Level for Measuring Timing: 


0.8V to 2.2V 
< 20 ns 

1TTL Gate + lOOpF 
Inputs; IV and 2V, 
Outputs; 0.8V and 2V 



• ERASE 

Erasure of HN462532 is performed by exposure to ultra- 
violet light with a wavelength of 2537A,and all the output 
data are changed to “1" after this erasure procedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W • sec/cm 2 . 

NOTE THAT THE HN462543P CANNOT BE ERASED. 
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HN462532, HN462532G, HN462532P 


ACCESS TIME vs. SUPPLY VOLTAGE ACCESS TIME vs. AMBIENT TEMPERATURE 




SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 
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4096- word x 8- bit U. V. Erasable and Programmable Read Only Memory 


The HN462732 is a 4096 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 24-pin, dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 

The HN462532P is a 4096 word by 8 bit, one time programmable ROM. 
This device is packaged in a 24-pin, dual-in-line plastic package. 

■ FEATURES 

• Single Power Supply +5V ±5% 

• Simple Programming Program Voltage: +25V D.C. 

Program with One 50ms Pulse 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Fully Decoded On-Chip Address Decode 

• Access Time 450ns (max) 

• Low Power Dissipation .... 150mA (max) Active Currents 

30mA (max) Standby Current 

• Three State Output OR-Tie-Capability 

• Compatible with INTEL 2732 


()»~()7 



■ MODE SELECTION 


Pins 

CE 

OE /Vpp 

Vcc 

Outputs 

Mode 

(18) 

(20) 

(24) 

(9 — 11, 13-17) 

Read 

VlL . 

VlL 

+ 5 

Dout 

Stand by 

V,H 

Don’t Care 

+ 5 

High Z 

Program 

VlL 

Vpp 

+ 5 

Din 

Program Verify 

VlL 

VlL 

+ 5 

Dout 

Program Inhibit 

VlH 

Vpp 

+ 5 

High Z 



(Top View) 
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HN462732. HN462732G, HN462732P 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value' 

Unit 

Operating Temperature Range 

To P r 

0 to +70 

°C 

Storage Temperature Range 

T." 

-65 to +125 

°C 

All Input and Output Voltage* 

V T 

-0.3 to +7 

V 

Vpp Voltage* 

OE /Vpp 

-0.3 to +28 

V 


* With respect to GND 


■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (To- 0 to +70‘C, Vcc = 5V±5%, V PP ~V CC ± 0.6V) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Leakage Current (Except OE /Vpp) 

lux 

V,n= 5.25 V 

- 

- 

10 

ma 

OE /Vpp Input Leakage Current 

I LI 2 

V/w— 5.25 V 

- 

- 

10 

ma 

Output Leakage Current 

Ilo 

Vou, -5.25V 

- 

- 

10 

ma 

Vcc Current (Standby) 

Icc 1 

cet— Vih, oet— vil 

- 

- 

30 

mA 

Vcc Current (Active) 

Ice 2 

OE-CE -V, L 

- 

- 

150 

m A 

Input Low Voltage 

VlL 


-o.i 

- 

0.8 

V 

Input High Voltage 

VlH 


2.0 

- 

Vcc+l 

V 

Output Low Voltage 

VOL 

Iql — 2.1mA 

- 

- 

0.45 

V 

Output High Voltage 

VoH 

/oh — —400 p A 

2.4 

- 

- 

V 


• AC CHARACTERISTICS ( To- 0 to +70°C, Kcc-5V±5%, V PP - V C c±G.6V) 


Parameter 

Symbol 

Test Condition 

min 

1 

typ 

max 

Unit 

Address to Output Delay 

tACC 

Vil 

- 

- 

450 

ns 

CE to Output Delay 

tcE 

OE = Vil 

- 

- 

450 

ns 

Output Enable to Output Delay 

t0E 

CE = Vil 

- 

- 

120 

- ns 

Output Enable High to Output Float * 

Idf 

CE == Vil 

0 

- 

100 

ns 

Address to Output Hold 

tOH 

CE =0E = Vil 

0 

- 

- 

ns 


★ Idf defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 

Input Rise and Fall Times: 

Output Load: 

Reference Level for Measuring Timing: 


0.8V to 2.2 V 
< 20ns 

1 TTL Gate + lOOpF 
Inputs IV and 2V 
Outputs 0.8V and 2 V 



Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Capacitance (Except OE /Vpp) 

Gnx 

V fW “0V 

- 

- 

6 

pF 

OE /Vpp Input Capacitance 

Gn? 

V/h-OV 

- 

- 

20 

pF 

Output Capacitance 

Cut 

> 

o 

II 

- 

~ 

12 

P F 
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HN462732, HN462732G, HN462732P 


■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS ( Vcc = 5V±5%, V PP =25V±1V, 7o-25"C±5'C) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Leakage Current 

lu 

V/w- 5.25V/0.4V 

- 

- 

10 

M 

Output Low Voltage During Verify 

VoL 

lot — 2. 1mA 

- 

- 

0.4 

V 

Output High Voltage During Verify 

VOH 

/oh*- 400 M 

2.4 

- 

- 

V 

Vcc Supply Current 

lee 


- 

- 

150 

mA 

Input Low Level 

V,L 


-0.1 

- 

0.8 

V 

Input High Level (All Input Except OE /Vpp) 

v,„ 


2.0 

- 

Vcc + 1 

V 

Vpp Supply Current 

Ipp 

CE~V,z., OE- Vpp 

- 

- 

30 

mA 


• AC PROGRAMMING CHARACTERISTICS (Vcc“5V±5%, V«—25V±1V, 7a-25“C±5"C) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Address Setup Time 

tAS 


2 

- 

- 

Ms 

OE Setup Time 

toES 


2 

- 

- 

Ms 

Data Setup Time 

Ids 


2 

- 

- 

Ms 

Address Hold Time 

tAH 


0 

- 

- 

Ms 

OE Hold Time 

t OEM 


2 

- 

- 

MS 

Data Hold Time 

tl)H 


2 

- 

- 

MS 

Chip Enable to Output Float Delay* 

lot 


0 

- 

120 

ns 

Data Valid from CE 

tov 

CE = V/l,OE*Vii. 

. - i 

- 

1 

Ms 

CE Pulse Width During Programming 

tpw 


45 

50 

55 

ms 

OE Pulse Rise Time During Programming 

t PRT 


50 

- 

- 

ns 

Vpp Recovery Time 

t Vk 


2 

- 

- 

Ms 


* tot defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 

Test Conditions 
Input Pulse Level: 

Input Rise and Fall Times: 

Output Load: 

Reference Level for Measuring Timing: 


0.8V to 2.2V 
< 20ns 

1TTL Gate + lOOpF 
Inputs; IV and 2 V, 
Outputs; 0.8V and 2V 


• ERASE 



Erasure of HN462732 is performed by exposure to Ultra- 
violet light of 2537 A, and all the output data are changed 
to "1 " after this prosedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W * sec/cm 2 . 


NOTE THAT THE HN462743P CANNOT BE ERASED. 
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tACC (ns) 


HN462732, HN462732G, HN462732P 


SUPPLY CURRENT vs. SUPPLY VOLTAGE SUPPLY CURRENT vs. AMBIENT TEMPERATURE 




7b CC) 


ACCESS TIME vs. SUPPLY VOLTAGE 


ACCESS TIME vs. AMBIENT TEMPERATURE 
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HN462732GI 


Wide Operating Temperature Range 


4096- word x 8- bit U.V. Erasable and Programmable Read Only Memory 


The HN462732GI is a 4096 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 24-pin, dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the ‘chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 

■ FEATURES 

• Extended Operating Temperature Range -40 ~ +85° C 

• Single Power Supply +5V ±5% 

• Simple Programming Program Voltage: +25V D.C. 

Program with One 50ms Pulse 

• Static No Clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Modes 

• Fully Decoded On-Chip Address Decode 

• Access Time 450ns (max) 

• Low Power Dissipation .... 150mA (max) Active Currents 

30mA (max) Standby Current 

• Three State Output OR -Tie-Capability 

■ BLOCK DIAGRAM 


0»— Or 




■ MODE SELECTION 


Pins 

CE 

OE/Vpp 

Vcc 

Outputs 

Mode 

(18) 

(20) 

(24) 

(9-11, 13-17) 

Read 

V'L 

V,L 

+ 5 

Dout 

Stand by 

V,H 

Don’t Care 

+ 5 

High Z 

Program 

V,L 

Vpp 

-1-5 

Din 

Program Verify 

V,L 

V,L 

+5 

Dout 

Program Inhibit 

VlH 

Vpp 

+ 5 

High Z 
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HN462732GI 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Operating Temperature Range 

T.„ 

-40 to +85 

*C 

Storage Temperature Range 

T." 

-65 to +125 

*C 

All Input and Output Voltage* 

V r 

-0.3 to +7 

V 

Vpp Voltage* 

OE /Vpp 

-0.3 to +28 

V 


♦ With respect to GND 


■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS = -40 to + 85°C, K CC =5V ±5%,) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Leakage Current (Except OE /V PP ) 

lux 

Vr«— 5.25 V 

- 

- 

10 

ma 

OE / Vpp Input Leakage Current 

I LI 2 

V/w — 5.25 V 

- 

- 

10 

ma 

Output Leakage Current 

ho 

K OM , = 5.25V/0.45V 

- 

- 

10 

ma 

Vcc Current (Standby) 

Iccx 

CE-V/h.OE-V/c 

- 

- 

30 

m A 

Vcc Current (Active) 

Iccz 

OE-CE-V/c 

- 

- 

150 

m A 

Input Low Voltage 

Vi l 


-0.1 

- 

0.8 

V 

Input High Voltage 

V,H 


2.0 

- 

Vcc + 1 

V 

Output Low Voltage 

V 0 L 

/ot — 2 . 1mA 

- 

- 

0.45 

V 

Output High Voltage 

VoH 

/oh - - 400 A 

2.4 

- 

- 

V 


• AC CHARACTERISTICS (7a = -40 to +85°C, V cc = 5V ±5%) 


Parameter 

Symbol 

Test Condition 

! HN462732GI i 

Unit 

min. 

typ. 

max. 

Address to Output Delay 

*ACC 

CE=OE = K /l 

- 

- 

450 

ns 

CE to Output Delay 

tCE 

OE= V IL 

- 

- 

450 

ns 

Output Enable to Output Delay 

tOE 

CE=V JL 

- 

- 

150 

ns 

Output Enable High to Output Float* 

*DF 

CE = Vil 

0 

- 

130 

ns 

Address to Output Hold 

*OH 

CE = OE = Vil 

0 

- 

- 

ns 


* tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

• SWITCHING CHARACTERISTICS 


Test Condition 

Input Pulse Levels: 0.8V to 2.2V 
Input Rise and Fall Times: 20ns 
Output Load: 1TTL Gate + lOOpF 

Reference Level for Measuring Timing: Inputs IV and 2 V 

Outputs 0.8V and 2V 



• CAPACITANCE (7a- 25 # C,/-lMHz) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Capacitance (Except OE/Vpp) 

Gsx 

V,*-0V 

- 

- 

6 

P F 

OE/Vpp Input Capacitance 

G m 

V„ y-^OV 

- 

- 

20 

P F 

Output Capacitance 

G., 

V.., - ov 

- 

- 

12 

pF 


0 HITACHI 


319 




HN462732GI 


■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS(Vcc = 5V±5%, V P ,.-25V±1V, 7a=25‘C±5’C) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Leakage Current 

Iu 

V//v=5.25V/0.4V 

- 

- 

10 

M 

Output Low Voltage During Verify 

Vol 

Iol = 2. 1mA 

- 

- 

0.4 

V 

Output High Voltage During Verify 

Voh 

I oh 400/^A 

2.4 

- 

- 

V 

Vcc Supply Current 

Icc 


- 

- 

150 

mA 

Input Low Level 

V'L 


-0.1 

- 

0.8 

V 

Input High Level (All Input Except OE /Vpp) 

V,H 


2.0 

- 

Vcc + 1 

V 

Vpp Supply Current 

Ipp 

CET= Vil, OEr= Vpp 

- 

- 

30 

mA 


• AC PROGRAMMING CHARACTERISTICS ( Vcc - 5 V ± 5%, Vpp - 25 V ± 1 V, Ta- 25’C ± 5"C ) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Address Setup Time 

Ias 


2 

- 

- 


OE Setup Time 

toES 


2 

- 

- 

MS 

Data Setup Time 

tos 


2 

- 

- 

Ms 

Address Hold Time 

Iah 


0 

- 

- 

Ms 

OE Hold Time 

toEH 


2 

- 

- 

Ms 

Data Hold Time 

tDH 


2 

- 

- 

Ms 

Chip Enable to Output Float Delay* 

Idf 


0 

- 

120 

ns 

Data Valid from CE 

tov 

ClT= Vil, Oir= Vil 

- 

- 

1 

/*s- 

CE Pulse Width During Programming 

tpw 


45 

50 

55 

ms 

OE Pulse Rise Time During Programming 

IPRT 


50 

- 

- 

ns 

Vpp Recovery Time 

tvR 


2 

- 

- 

Ms 


* lot defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 

• SWITCHING CHARACTERISTICS 



• ERASE 

Erasure of HN462732 is performed by exposure to Ultra- 
violet light of 2537A, and all the output data are changed 
to "1 " after this prosedure. 

The minimum integrated close (i.e., UV intensity x expo- 
sure time) for erasure is 15W • sec/cm 2 . 
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HN482732AG-25, 

HN482732AG-30 


4096 - word x 8- bit U. V. Erasable and Programmable Read 
The HN482732A is a 4096-word by 8-bit erasable and electrically 
programmable ROM. This device is packaged in a 24 pin dual-in-line 
package with transparent lid. 

The transparent lid on the package allow the memory content to be 
erased with ultraviolet light. 


■ FEATURES 

• Single Power Supply +5V ±5% 

• Simple Programming Program Voltage: +21 V D.C 

Program with one 50ms Pulse 

• Static No clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Mode 

• Access Time HN482732AG-20 200ns (max) 

HN482732AG-25 250ns (max) 
HN482732AG-30 300ns (max) 

• Absolute Max. Rating of Vpp Pin . . . 26.5V 

• Low Stand-by Current 35mA (max) 

• Compatible with Intel 2732A 

■ BLOCK DIAGRAM 





Only Memory 




■ MODE SELECTION 


Pins 

MODE 

cT 

(18) 

OE /Vpp 
(20) 

Vcc 

(24) 

Outputs 

(9 — 11, 13-17) 

Read 

VlL 

VlL 

+5 

Dou« 

Stand by 

V 1H 

Don’t Care 

+5 

High Z 

Program 

VlL 

Vpp 

+5 

Din 

Program Verify 

VlL 

VlL 

+5 

Dout 

Program Inhibit 

VlH 

V pp 

'+5 

High Z 
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HN482732AG-20, HN482732AG-2S, HN482732AG-30 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Operating Temperature Range 

T opt 

0 to +70 

*C 

Storage Temperature Range 

r. u 

-65 to +125 

*C 

All Input and Output Voltages* 

V in, Vo.* 

-0.3 to +7 

V 

Vpp Voltage * 

OE/Vpp 

-0.3 to +26.5 

V 

Vcc Voltage * 

Vcc 

-0.3 to +7 

V 


* with respect to GND 


■ READ OPERATION 

• D.C. AND OPERATING CHARACTERISTICS (To- 0 to 70 °C, Vcc- 5V±5°/o) 


Parameter 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

V/jv*=5.25V 

- 

- 

10 

M 

Output Leakage Current 

ho 

Vout =5. 25 V 

- 

- 

10 

MA 

Vcc Current (Standby) 

Icc 1 

CE-V/*, (5E== Vil 

- 

- 

35 

mA 

Vcc Current (Active) 

IcC 2 

DF-'CE r-V/A 

- 

- 

150 

mA 

Input Low Voltage 

VlL 


-0.1 

- 

0.8 

V 

Input High Voltage 

VlH 


2.0 

- 

Vcc+1 

V 

Output Low Voltage 

VOL 

Iol— 2 . 1 mA 

_ 

- 

0.45 

V 

Output High Voltage 

VOH 

I oh— —400 M 

2.4 


- 

V 


# AC CHARACTERISTICS (Ta-0 to 70 °C, Vcc=5V±5%) 


Parameter 

Symbol 

Test Conditions 

| HN482732AG -20 

| HN482732AG-25 

HN482732AG-30 

Unit 

min 

max 

min 

max 

min 

max 

Address to Output Delay 

tACC 

CE~=OE = V/l 

- 

200 

- 

250 

- 

300 

ns 

CE to Output Delay 

tcE 

OE = Vil 

- 

200 

- 

250 

- 

300 

hs 

OE to Output Delay 

toE 

Vil 

10 

90 

10 

100 

10 

150 | 

ns 

OE High to Output Float 

t DF 

m-vu 

0 

80 

0 

90 

0 

130 

ns 

Address to Output Hold 

t OH 

CF=OE = Vil 

0 

i 

0 

- 

0 

- 

ns 


• SWITCHING CHARACTERISTICS 
Test Conditions 

Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Times: ^ 20ns 

Output Load: 1 TTL Gate + 100PF 

Reference Level for Measuring Timing Inputs, IV and 2 V, Outputs; 0.8V and 2V 


Address 

t * 

K 





Standby Mode 

Active Mode 

-i tee t 

7 

7 

^ S tandby Mode 

OE 

\ 

/ 

. t0E ■ 


L tor i 

\ 

tacc 



Data Out - 

fiffi 

3 

Data Out Valid 



* 

7 


• CAPACITANCE (Ta- 25 °C, /- 1MHz) 


Parameter 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Capacitance (Except OE/Vpp) 

C/JVl 

V/*~0V 

- 

- 

6 

P F 

OE/Vpp Input Capacitance 

ClN2 

V/n=0V 

- 

- 

20 

pF 

Output Capacitance 

Coot 

> 

o 

li 

8 

~ 

n j 

12 

pF 
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HN482732AG-20, HN482732AG-25, HN482732AG-30 


■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (To=25’C±5’C, Vcc=W±S%, Vpp-21V±0.5V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

V in’** Vil or Vih 

- 

- 

10 

ma 

Output Low Voltage During Verify 

VoL 

IoL mm 2 . 1mA 

- 

- 

0.4 

V 

Output High Voltage During Verify 

VOH 

/o«— —400 MA 

2.4 

- 

- 

V 

Vcc Supply Current 

Icc 


- 

- 

150 

mA 

Input Low Level 

V,L 


-0.1 

- 

0.8 

V 

Input High Level (All Inputs Except <3E7Vf>p) 

v,„ 


2.0 

- 

Vcc+1 

V 

Vpp Supply Current 

Ipp 

FF~ Vil, OF- Vpp 

Z_J 

- 

30 

mA 


• AC PROGRAMMING CHARACTERISTICS (To-25 "C±5*C, Vcc=5V±5%, Vpp-21V±0.5V) 


Parameter 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Address Setup Time 

t*S 


2 

- 

- 

M s 

OE Setup Time 

toss 


2 

- 

- 

fXS 

Data Setup Time 

tos 


2 

- 

- 

fXS 

Address Hold Time 

t A H 


0 

- 

- 

fAS 

OE Hold Time 

tOEH 


2 

- 

- 

/AS 

Data Hold Time 

t DH 


2 

- 

- 

/AS 

Chip Enable to Output Float Delay* 

Idf 


0 

- 

130 

ns 

Data Valid from CF 

tov 

FF- V, L , T5F-Vu 

- 

- 

1 

/AS 

CE Pulse Width During Programming 

tpw 


45 

50 

55 

ms 

OF Pulse Rise Time During Programming 

tpRT 


50 

- 

- 

ns 

Vpp Recovery Time 

tvR 

j 

2 

- 

- 

'/AS 


* t of defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level 

Input Rise and Fall Time 

Reference Level for Measuring Timing: 


0.8V to 2.2V 
^ 20ns 

Inputs IV and 2V; Outputs 0.8V and 2V 


Address 


Data 


OE 


CE 



• ERASE 

Erasure of HN482732A is performed by exposure to 
ultraviolet light of 2537 A and all the output data are 
changed to "1" after this erasure procedure. The 
minimum integrated dose (i.e. UV intensity x ex- 
posure time) for erasure is 1 5W-sec/cm 2 
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HN482764, HN482764-3, 

HN482764-4, HN482764G, 
HN482764G-3, HN482764G-4 


81 92- word x 8- bit U. V. Erasable and Programmable Read Only Memory 
The HN482764 is a 8192 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the package 
allows the memory content to be erased with ultraviolet light. 


I FEATURES 

Single Power Supply + 5V ± 5 % 

Simple Programming Program Voltage: +21 V D.C. 

Program with one 50ms Pulse 

i static No Clocks Required 

i inputs and Outputs TTL Compatible During Both Read and Pro- 
gram Mode. 

» Access Time HN482764/G 250ns max 

HN482764/G-3 300ns max 
HN482764/G-4 450ns max 

► High Performance Programming Available 

► Low Standby Current 35mA max. 

► Compatible with Intel 2764 



I MODE SELECTION 


Pins 

CE 

OE 

PGM 

Vpp 

Vcc 

Outputs 

Mode 

(20) 

(22) 

(27) 

(1 ) 

(28) 

(11-13, 15-19) 

Read 

V,L 

VlL 

V,H 

Vcc 

Vcc 

Dout 

Stand-by 

V,H 

X 

X 

Vcc 

Vcc 

High Z 

Program 

V,L 

X 

V,L 

Vpp 

Vcc 

Din 

Program Verify 

V,L 

V,L 

VlH 

Vpp 

Vcc 

Dout 

Program Inhibit 

V,H 

X 

X 

Vpp 

Vcc 

High Z 


< don’t care 

■ ABSOLUTE MAXIMUM RATINGS 


Item 

Sym bol 

Value 

Unit 

Operating Temperature Range 

TV 

0 to +70 

°C 

Storage Temperature Range 

T, tg 

-65 to +125 

°C 

All Input and Output Voltage* 

V T 

-0.3 to +7 

V 

Vpp Voltage 

Vpp 

-0.3 to +26.5 

V 


HN482764, HN482764-3, HN482764-4 



HN482764G, HN482764G-3 , 
HN482764G-4 



( DG-28) 

ARRANGMENT 

Vpp fT 

- vy 

28] Ucc 

Al2 jlT 


2^ PGM 

a? (7 


26] NC 

Ae[T 


||] Aa 

AsQC 


24] A9 

A<H 


23) Aii 

As [7 


22 ] UE 



|T] A 10 

Ai(T 


20] CE 

Ao[lO 


13 o? 

Oo(TT 


13 oe 

Oi (T| 


T3 °s 

O 2 |T3 


ITJ 04 

gndJh 


m ° 3 


(Top View) 


* I with respect to GND 
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HN482764, HN482764-3, HN482764-4, 

HN482764G, HN482764G-3, HN482764G-4 


■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS ( To- 0 to +70‘C, Vcc = SV±5%, Vpp- Vcc±0.6V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

Vcc — 5.25 V, V,„ -5.25V 

- 

- 

10 

M 

Output Leakage Current 

Ilo 

Vcc — 5.25V, V.U, -5. 25V /0.4V 

- 

- 

10 

M 

Vpp Current 

Ipp 1 

Vpp— Vcc 4-0. 6 V 

- 

- 

15 

m A 

Vcc Current (Standby) 

Icc l 

CE-V/ H 

- 

- 

35 

m A 

Vcc Current (Active) 

Icc 2 

CE-OE-V/i. 

- 

100 

150 

mA 

Input Low Voltage 

V,L 


-0.1 

- 

0.8 

V 

Input High Voltage 

VlH 


2.0 

- 


V 

Output Low Voltage 

VOL 

Iol — 2.1mA 

- 

- 


V 

Output High Voltage 

VOH 

/oh- -400 A 1 A 

2.4 

- 


V 


• AC CHARACTERISTICS ( To- 0 to +70‘C, Vcc=5V±5%, Vpp- Vcc±0.6V) 


Parameter 

Symbol 

Test Conditions 

HN482764/G | 

HN482764/G-3 

HN482764/G-4 

Unit 

min 

max 

min 

max 

min 

max 

Address to Output Delay 

Iacc 

CE=OE = Vu 

- 

250 

- 

300 

- 

450 

ns 

CE to Output Delay 

f CE 

OE = V,l 

- 

250 

- 

300 

- 

450 

ns 

OE to Output Delay 

t0E 

CE = Vil 

10 

100 

10 

150 

10 

150 

ns 

OE High to Output Float 

tDF 

CE- Vil 

0 

90 

0 

130 

0 i 

130 

ns 

Address to Output Hold 

t OH 

CE=OE = Vil 

0 

- 

0 

- 

0 , 

- 

ns 


Note toF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 

Input Rise and Fall Time: 

Output Load: 

Reference Level for Measuring Timing: 


0.8V to 2.2V 
<20ns 

1TTL Gate + lOOpF 
Inputs; IV and 2V 
Output; 0.8V and 2.0V 



• CAPACITANCE ( Ta- 25°C,/=lMHz) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

C.n 

> 

o 

- 

4 

6 

pF 

Output Capacitance 

G., 

> 

o 

- 

8 

12 

pF 
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HN482764, HN482764-3, HN482764-4; 

HN482764G, HN482764G-3, HN482764G-4 

■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (To=25t:±5 , C, V CC = 5V±5%, VW-21V±0.5V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

Vm =5. 25 V 

- 

- 

10 

M 

Output Low Voltage During Verify 

VOL 

lot ■* 2 . 1 m A 

- 

- 

0.45 

V 

Output High Voltage During Verify 

Voh 

I oh 400 f*k 

2.4 

- 

- 

V 

Vcc Current (Active) 

Iccz 


- 

- 

150 

mA 

Input Low Level 

V, L 


-0.1 

- 

0.8 

V 

Input High Level 

V, H 


2.0 

- 

Vcc + 1 

V 

Vpp Supply Current 

Ipp 

CE-PGM-V/i. 

- 

- 

30 

mA 


• AC PROGRAMMING CHARACTERISTICS (Ta-25t:±5'C, V C c = 5V±5%, V>p=21V±0.5V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Address Setup Time 

tAS 


2 

- 

- 

Ms 

OE Setup Time 

toES 


2 

- 


Ms 

Data Setup Time 

tos 


2 

- 

- 

Ms 

Address Hold Time 

tAH 


0 

- 

- 

Ms 

Data Hold Time 

ton 


2 

- 

- 

Ms 

OE to Output Float Delay 

tDF 


0 

- 

130 

ns 

Vpp Setup Time 

tvs 


2 

- 

- 

Ms 

PGM Pulse Width During Programming 

tpw 


45 

50 

55 

ms 

CE Setup Time 

tCES 


2 

- 

- 

Ms 

Data Valid from OE 

tOE 


- 

- 

150 

ns 


Note i toy defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Level: 

Input Rise and Fall Time: 

Reference Level for Measuring Timing: 


0.8V to 2.2V 
<20 ns 

Input; IV and 2V 
Output; 0.8V and 2 V 



■ ERASE 

Erasure of HN482764 is performed by exposure to Ultra- 
violet light of 2537 A, and all the output data are changed 
to "1" after this erasure procedure. The minimum inte- 
grated dose (i.e. UV intensity x exposure time) for erasure 
is 1 5W • sec/cm 2 
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HN482764, HN482764-3, HN482764-4, 

HN482784G, HN482764G-3, HN482764G-4 

■ HIGH PERFOMANCE PROGRAMMING 

This device can be applied the High Performance Pro- 
gramming algorithm shown in following flowchart. 

This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 



High Performance Programming Flowchart 
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HN482764, HN482764-3, HN482764-4, 

HN482784G, HN482764G-3, HN482764G-4 


• AC PROGRAMMING CHARACTERISTICS (7V = 25 °C± 5 “C, Kcc“6V± 0.25V, V’pp=21V±0.5V) 


Parameter 

Symbol 

Test Condition 

mi n 

typ 

max 

Unit 

Address Setup Time 

tAS 


2 

- 

- 

/iS 

OE Setup Time 

tOES 


2 

- 

- 

/iS 

Data Setup Time 

tos 


2 

- 

- 

M s 

Address Hold Time 

tAH 


0 

i - 

- 

//s 

Data Hold Time 

Idh 


2 

! - 

- 

/IS 

OE to Output Float Delay* 

| lo? 


0 

- 

130 

ns 

Vpp Setup Time 

t VPS 


2 

- 

- 

/IS 

Vcc Setup Time 

t vcs 


2 

- 

- 

/IS 

PGM Pulse Width during Initial Program 

! tpw 


0.95 

1.0 

1.05 

ms 

PGM Pulse Width during Over Program** 

torn 


3.8 

i 

03 

ms 

CE Setup Time 

tcES 

| 

2 


- 

/IS 

Data Valid from OE 

tOE 

] 

- 

- 

150 

ns 


Notes) * tor defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 
*# tnt - u is defined as mentioned in flort chart. 


• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Time: < 20 ns 

Reference Level for Measuring Timing: Input; IV and 2V 

Output; 0.8V and 2V 


Program 

—Proirsn Verify-— 


Address ) ‘ 


tci 

U-lAS«* 





11 

r 

Daft ' HC Dtti 

| In Stable | 

s 

~ * 


j 

klos- 


(i£l 



V " 







VCC Vcc 4 <»« 

CE “Is 








\J 






PSP 


a 




3E ^ 

« / 
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HN27C64G-20 

HN27C64G-25, HN27C64G-30 


8192-word X 8-bit UV Erasable and Programmable Read Only Memory 

The HN27C64G is a 8192 word by 8-bit erasable and electrically pro- 
grammable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the package allows 
the memory content to be erased with ultraviolet light. 

■ FEATURES 

• Single Power Supply +5V ± 5% 

• Simple Programming Program Voltage: +21V D.C. 

Program with one 50ms Pulse 

• Static No clocks Required 

• Inputs and Outputs TTL Compatible During Both Read and 
Program Mode. 

• Access Time HN27C64G-20 200ns Max. 

HN27C64G-25 250ns Max. 

HN27C64G-30 300ns Max. 

• High Performance Programming Available 

• Low Power Dissipation 40mW/MHz (Active Mode) 

525jj\N Max. (Stand-by Mode) 




Pins 

Mode 

CE 

(20) 

OE 

(22) 

PGM 

(27) 

Vpp 

0) 

Vcc 

(28) 

Outputs 

(II — 13, 15-19) 

Read 

VlL 

VlL 

V,H 

Vcc 

Vcc 

Dout 

Stand-by 

Vw 

X 

X 

Vcc 

Vcc 

High Z 

Program 

VlL 

X 

VlL 

Vpp 

Vcc 

Din 

Program Verify 

VlL 

| VlL 

VlH 

Vpp 

Vcc 

Dout 

Program Inhibit 

VlH 

X 

X 

Vpp 

Vcc 

High Z 


X : don’t care 

■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Operating Temperature Range 

Topr 

0 to +70 

°C 

Storage Temperature Range 

Tig 

-65 to +125 

°c 

All Input and Output Voltage* 

Vm, Vow 

-0.6 to +7.0 

V 

Vpp Voltage 

Vpp 

-0.6 to +25 

V 

Vcc Voltage* 

Vcc 

-0.6 to +7.0 

V 



* : with respect to GND 
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HN27C64G-20, HN27C64G-25, HN27C64G-30 


■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (7b = 0 to +70°C Fcc=5V±5%, V PP =v C c± 0.6V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

lu 

Vcc- 5.25V, Fm=GND to Vcc 

- 

- 

2 

M A 

Output Leakage Current 

Ilo 

Vcc= 5.25V, Vou,=G ND to Vcc 

- 

- 

2 

M 

V PP Current 

l PP \ 

V PP = Vcc + 0.6V 

- 

1 

100 

mA 

Vcc Current (Standby- 1) 

lSB\ 

CE=V/h 

- 

- 

1 

mA 

Vcc Current (Standby-2) 

ISBl 

CE=Vcc±0.3V 

- 

1 

100 

M 

Vcc Current (Active- 1) 

lea 

CE =V/l, Vow- OmA 

- 

- 

30 

mA 

Vcc Current (Active-2) 

ICC2 

f=5MHz, 7ou<=OmA 

- 

- 

30 

mA 

Input Low Voltage 

VlL 


-0.1 

- 

0.8 

V 

Input High Voltage 

VlH 


2.0 

- 

Kcc+0.3V 

V 

Output Low Voltage 

VOL 

loi.-2. 1mA 

- 

- 

0.45 

V 

Output High Voltage 

VOH 

7o//=-400mA 

2.4 

- 

- 

V 


• AC CHARACTERISTICS (Ta=0 to +70° C, K„ = 5V±5%, V PP - Kcc±0.6V) 


Parameter 

Symbol 

Test Conditions 

HN27C64-20 ! 

HN27C64-25 

HN27C64-30 1 

Unit 

min 

max 

min 

max 

min 

max 

Address to Output Delay 

t ACC 

CE=OE= Vil 
PGM= Vih 

~ 

200 

“ 

250 

- 

300 

ns 

CE to Output Delay 

tCE 

OE -Vil 

PGM= V/h 

- 

200 

- 

250 

- 

300 

ns 

OE to Output Delay 

tOE 

CE =Vn. 

10 

70 

10 

100 

10 

150 

ns 

OE High to Output Float 

tOF 

CE= Vil 

0 

60 

0 

90 

0 

130 

ns 

Address to Output Hold 

tOH 

CE=OE=V// 

PGM -Vm 

0 

- 

0 

- 

0 

- 

ns 


Note : defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 

Test Condition 

Input Pulse Levels: 0.8V to 2.2 V 

Input Rise and Fall Time: < 20 ns 

Output Load: 1TTL Gate + lOOpF 

Reference Level for Measuring Timing: Input; IV and 2 V 

Output; 0.8V and 2V 



• CAPACITANCE (7a= 25° C, /= 1MHz) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

Cm 

> 

o 

£ 

- 

4 

6 

pF 

Output Capacitance 

Cow 

o 

< 

- 

8 

12 

pF 
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HN27C64G-20, HN27C64G-25, HN27C64G-30 


■ PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (ra=25°C±5°C, Vcc- 5V±5%, Vpp- 21V±0.5V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

lu 

L«=5.25V/0.45V 

- 

- 

2 

ptA 

Output Low Voltage During Verify 

Vo/. 

lot- 2.1mA 

- 

- 

0.45 

V 

Output High Voltage During Verify 

Voh 

Ioh-~ 400 juA 

2.4 

- 

- 

V 

Vcc Current (Active) 

ICC2 



- 

30 

mA 

Input Low Level 

Vn. 


-0.1 

- 

0.8 

V 

Input High Level 

V/H 


2.0 

- 

Lee +0.3 

V 

Vpp Supply Current 

Ipp 

CE = PGM = Vn. 

~ i 

- 

30 

mA 


NOTE: 


1. Vcc must be applied before Vpp and removed after Vpp. 

2. Vpp must not exceed 25V including overshoot. 

3. An influence may be had upon device reliability if the device is installed or removed while Vpp- 21V. 

4. Do not alter Vpp either V/l to 21V or 21V to Vn. when CE=PGM=Low. 


• AC PROGRAMMING CHARACTERISTICS (7k = 25° C± 5° C, Vcc=5V±5%, Vpp= 21V±0.5V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Address Setup Time 

tAS 


2 

- 

- 

MS 

OE Setup Time 

tOES 


2 

- 

- 

ms 

Data Setup Time 

IDS 


2 

- 

- 

MS 

Address Hold Time 

tAH 


0 

- 

- 

MS 

Data Hold Time 

tDH 


2 

- 

- 

MS 

OE to Output Float Delay* 

tDF 


- 

- 

130 

ns 

Vpp Setup Time 

tvs 


2 

- 

- 

MS 

PGM= Pulse Width During Programming 

tPW 


25 

50 

55 

ms 

CE Setup Time 

tCES 


2 

- 

- 

MS 

Data Valid from OE 

tOF. 


- 

- 

150 

ns 


Note : IDF defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 

Test Condition 
Input Pulse Level: 

Input Rise and Fall Time: 

Reference Level for Measuring Timing: 


0.8V to 2.2V 
<20 ns 

Input; IV and 2 V 
Output; 0.8V and 2V 


■ ERASE 

Erasure of HN27C64G is performed by exposure to 
Ultraviolet light of 2537A, and all the output data are 
changed to ”1 ” after this erasure procedure. The minimum 
integrated dose (i.e. UV intensity x exposure time) for 
erasure is 15W • sec/cm 2 
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Preliminary 


HN4827128G-25, 

HN4827128G-30, 

HN4827128G-45 


16384-Word x 8-bit UV Erasable and Programmable Read Only Mempry 

The HN4827128 is a 16384 word by 8 bit erasable and electrically 
programmable ROM. This device is packaged in a dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device. 


I FEATURES 

» Single Power Supply +5V ± 5% 

> Simple Programming Program Voltage: +2 IV DC 

Program with One 50ms Pulse 

> Static No Clocks Required 

Inputs and Outputs TTL Compatible During Both Read and 
Program Mode. 

> Access Time 250ns/300ns/450ns 

> Absolute Max. Rating of Vpp Pin 26.5V 

> Low Stand-by Current 35mA 

> High Performance Programming Available 

> Compatible with INTEL 27128 

■ BLOCK DIAGRAM 




I PIN ARRANGEMENT 



(Top View) 


■ MODE SELECTION 


Pins 

CE 

OE 

PGM 

Vpp 

Vcc 

Outputs 


(20) 

(22) 

(27) 

(1) 

(28) 

(u~13, 15-19) 

Read 

v IL 

Vn 

V,H 

Vcc 

Vcc 

Dout 

Stand by 

v,„ 

X 

X 

Vcc 

Vcc 

High Z 

Program 

Vi l 

X 

VlL 

Vpp 

Vcc 

Din 

Program Verify 

V,L 

Vi L 

VlH 

Vpp 

Vcc 

Dout 

Program Inhibit 

VlH 

x 

X 

Vpp 

Vcc 

High Z 


Note) The specifications of this device are subject to change without notice. 

Please contact your nearest Hitachi’s Sales Dept, regarding specifications. 


332 


0 HITACHI 








HN4827128G-25, HN4827128G-30, HN4827128G-45 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Operating Temperature Range 

7V 

0 to +70 

°C 

Storage Temperature Range 

T. > t 

-65 to +125 

# c 

All Input and Output Voltages* 

VlS, Vou, 

-0.3 to +7 

V 

Vpp Voltage* 

Vpp 

-0.3 to +26.5 

V 

Vcc Voltage* 

Vcc 

-0.3 to +7 

V 


* with respect to GND 


■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS (To- 0 to +70*C, Vcc = 5V±5%, 7„-%c±0.6V) 


Parameter- 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

Vcc = 5. 25V, V/ a/ =5. 25V 

- 


10 


Output Leakage Current 

Ilo 

Vcc =5. 25V, V OB , = 5.25V/0.4V 

- 


10 

m a 

Vpp Current 

Ipp 1 

Vpp= Vcc+0.6V 

- 

- | 

5 

mA 

Vcc Current (Standby) 

Icc\ 

ce=v, h 

- 

— 

35 

mA 

Vcc Current (Active) 

Iccz 

CE = OE= Vu 

- 

60 

100 

mA 

Input Low Voltage 

Vu 


-0.1 

— 

0.8 

V 

Input High Voltage 

ViH 


2.0 

— 

Vcc+1 

V 

Output Low Voltage 

VoL 

Iol= 2.1mA 

- 

— 

0.45 

V 

Output High Voltage 

VoH 

Ioh= — 400//A 

2.4 

- 

ZJ 

V 


• AC CHARACTERISTICS (To- 0 to 70’C, Vcc= 5V±5%, Vpp= V CC ±0.6V) 


Parameter 

Symbol 

Test Condition 

HN4827128G-25 

HN4827128G-30 

HN4827128G-45 

Unit 

min 

max 

min 

max 

min 

1 

max 

Address to Output Delay 

t ACC 

CE = OE= Vil 

- 

250 

- 

300 

1 

450 

ns 

CE to Output Delay 

t CE 

S 

II 

lo 

- 

250 


300 


450 

ns 

OE to Output Delay 

l0E 

CE= Vil 

- 

100 


120 

— 

150 

ns 

OE High to Output Float 

t DF 

CE= V/l 

0 

85 

0 

105 

0 

130 

ns 

Address to Output Hold 

t OH 

CE = OE= Vil 

0 

- 

0 

- 

0 

- 

ns 


* tot defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Levels: 0.8V to 2.2V 

Input Rise and Fall Time: < 20 ns 

Output Load: 1 TTL Gate + 100 pF 

Reference Level for Measuring Timing: Inputs; IV and 2V 

Outputs; 0.8V and 2.0V 


x 


K 



• CAPACITANCE ( Ta-25'C , /- 1 MHz) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

C.n 

v,„=ov 

- 

4 

6 

pF 

Output Capacitance 

Coal 

v.„ t =ov 

- 

8 

12 

pF 
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HN4827128G-25, HN4827128G-30, HN4827128G-45 


■PROGRAMMING OPERATION 

• DC PROGRAMMING CHARACTERISTICS (To-25’C±5‘C, Vcc-5V±5%, V PP -21V±0.5V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

hi 

V}*-5.25V 

- 

- 

10 

M 

Output Low Voltage During Verify 

Vol 

/ol— 2.1mA 

- 

- 

0.45 

V 

Output High Voltage During Verify 

VoH 

I oh"" —400/4 A 

2.4 

- 


V 

Vcc Current (Active) 

Iccz 


- 

- 

IBE3 

mA 

Input Low Level 

Vu 


-0.1 

- 

0.8 

V 

Input High Level 

V,H 


2.0 

- 

Vcc 4-1 

V 

Vpp Supply Current 

Ipp 

CE— PGM— Vil 

- 

- 

30 

mA 


• AC PROGRAMMING CHARACTERISTICS ( Ta=25‘C ±5°C, Vcc-5V±5% Vp P -21V±0.5V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Address Setup Time 

tAS 


2 

- 

- 

Ms 

OE Setup Time 

l0ES 


2 

- 

- 

MS 

Data Setup Time 

t DS 


2 

- 

- 

MS 

Address Hold Time 

tAH 


mm 

- 

- 

MS 

Data Hold Time 

Idh 


2 

- 

- 

MS 

OE to Output Float Delay 

tDF 


0 

- 

130 

ns 

Vpp Setup Time 

t VS 


2 

- 

- 

MS 

PGM Pulse Width During Programming 

tpw 


45 

50 

55 

ms 

CE Setup Time 

tCES 


2 

- 

- 

MS 

Data Valid from OE 

t0E 



- 

150 

ns 


Note I Idf defines the time at which the output achieves the open circuit condition and is not referenced to output voltage levels. 


• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 0.8V to 2.2V 

Input Rise and Fall Time: < 20 ns 

Reference Level for Measuring Timing: Input; 1 V and 2V 

Output; 0.8V and 2V 
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Verify 


Address 

C 




| « 



l tAH t 









s 

Data ^ 

t 

Data 

1 

In Stable 

7 

K 

? 

6 Data Out 
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• ERASE 

Erasure of HN4827128 is performed by exposure 
to ultraviolet light of 2537A and all the output data 
are changed to "1" after this erasure procedure. 

The minimum integrated dose (i.e. UV intensity x 
exposure time) for erasure is 15 W*sec/cm 2 . 
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HN4827128G-25, HN4827128G-30, HN48271 28G-45 


■ HIGH PERFORMANCE PROGRAMMING 
This device can be applied the High Performance Pro- 
gramming algorithm shown in following flow chart. 
This algorithm allows to obtain faster programming 
time without any voltage stress to the device nor 
deterioration in reliability of programmed data. 


( start") 


SET PROG./VERIFY MODE 
Vpp“ 21±0.5V Vcc=6.0±0.25V 


| Address»0 J 



High Performance Programmihg Flowchart 


• AC PROGRAMMING CHARACTERISTICS ( 7a~25°C ±5°C, Vcc“6V±0.25V, Vpp-21V±0. 5V) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Address Setup Time 

tAS 


2 

— 

— 


OE Setup Time 

t0ES 


2 

— 

- 

MS 

Data Setup Time 

t DS 


2 

— 

- 

MS 

Address Hold Time 

Iah 


0 

— 

- 

MS 

Data Hold Time 

t DH 


2 

- 

- 

MS 

OE to Output Float Delay* 

Idf 


0 

- 

130 

ns 

Vpp Setup Time 

t VPS 


2 

- 

- 

MS 

Vcc Setup Time 

t VCS 


2 

- 

- 

Ms 

PGM Pulse Width during Initial Program 

tpw 


0.95 

1.0 

1.05 

ms 

PGM Pulse Width during Over Program** 

topw 



3.8 

- 

63 

ms 

CE Setup Time 

Ices 

1 

2 

- 

- 

MS 

Data Valid from OE 

to E 


- 

- 

150 

ns 


* tpF defines the time «t which the output achieves the open circuit conditions and is not referenced to output voltage levels. 
** topw is defined as mentioned in flow chart. 


• SWITCHING CHARACTERISTICS 
Test Condition 

Input Pulse Level: 0.8V to 2.2 V 

Input Rise and Fall Time: < 20 ns 

Reference Level for Measuring Timing: Input; 1 V and 2V 

Output; 0.8V and 2V 


•dEi 

— t>ts— ) 


Program- 


■ £ Data | In 

h- tos-J 


Vcc 

Vcr+1 


CE 

PGM 

OE 


W 

M 




—Program Verify-— 4 
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HN48016P 


2048 - word x 8- bit Electrically Erasable and Programmable ROM 


This device operates from a single power supply and features fast 
single address location programming. All the words are erased by one 
TTL level pulse. Erasing the bit pattern and programming new 
pattern can be made within 42 seconds. 

■ FEATURES 

• Single Power Supply +5V ±5% 

• Simple Programming Program voltage: +25V D.C. 

Program with one 20ms pulse. 

• Electrically Erasing Erase Voltage: +25V D.C. 

Erase all words with one 200ms pulse. 

• Fully Static No clocks required. 

• Inputs and Outputs TTL compative during read, program and 
erase mode. 

• Fully Decoded On-Chip Address Decode. 

• Access Time 350ns Max. 

• Low Power Dissipation .... 300mW Max. 

• Three State Output OR-Tie Capability 

• Pin-out Compatible with Intel 2716. 

■ BLOCK DIAGRAM 0.-0, 




■ PIN. ARRANGEMENT 



■ MODE SELECTION 


^ Pins 

PGM 

CS 

Vpp 

Vcc 

Outputs 

Mode ~ ~ 

(18) 

(20) 

(21) 

(24) 

(8 — 11, 13 — 17 ) 

Read 

Vil 

V,L 

+ 5 

+ 5 

Dout 

Deselect 

Don’t Care 

VlH 

+ 5 

+ 5 

High Z 

-Program 

Pulsed Vil to Vih 

Vih 

+ 25 

+ 5 

Din 

Program Verify 

VlL 

Vil 

+ 25 

+ 5 

Dout 

Program Inhibit 

Vn 

V,H 

+ 25 

+ 5 

High Z 

Erase 

Pulsed Vil to Vih 

V,L 

+ 25 

+ 5 

High Z 
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HN48016P 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

All Input and Output Voltage 

V/.V, Vout „ 

-0.3 to Vcc 4-0.3 or V PP 4-0.3 

V 

Vcc Voltage 

Vcc 

-0.3 to 4-7.0 

V 

Vpp Voltage 

Vpp 

-0.3 to 4-28 

V 

Operating Temperature Range 

T opr 

0 to 4-70 

°C 

Storage Temperature Range 

T., t 

-55 to 4-125 

•c 


■ READ OPERATION 

• DC AND OPERATING CHARACTERISTICS ( Vcc=*5V±5%, Vpp— Vcc±0.6V* Ta—0 to +70"C) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

V//v=“5.25V 

- 

- 

10 

M 

Output Leakage Current 

ho 

Vovt- 5.25 V 

- 

- 

10 

M 

Vcc Current 

lee 1 

CS '-V,h/V,l \ 

- 

32 

50 

m A 

Vpp Current 

Ippi 

Vpp»5.85V 

- 

4 

7 

mA 

Input Voltage 

V,L 


-0.1 

- 

0.8 

V 

VlH 


2.0 

- 

- 

V 

Output Voltage 

VOL 

Iol~* 1 .6mA 

- 

~ 

0.4 

V 

VOH 

7o«” — 100 mA 

2.4 

- 

- 

V 


* The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for programming. 


• AC CHARACTERISTICS (Vcc = 5 V±5%, Vpp— Vcc±0.6V, Ta= 0 to +70°C) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Address to Output Delay 

tACC 

PGM=CS"=V, I . 

- 

200 

350 

ns 

Chip Select to Output Delay 

ico 

PGM - Vil 

- 

70 

150 

ns 

Chip Deselect to Output Float 

tDF 


0 

40 

100 

ns 

Address to Output Hold 

t OH 

PGM=CS~=Vn. 

10 

- 

- 

ns 


• TEST CONDITION 

Input pulse levels: 

Input rise and fall time: 

Output load: 

Reference level for Measuring Timing: 


0.8V to 2.0V 
g 20ns 

1 TTL Gate + 100 pF 
Inputs IV and 1.8V 
Outputs 0.8V and 2.0V 



• CAPACITANCE ( Ta= 25°C , /- 1 MHz ) 


Parameter 

Symbol 

Test Condition 

typ 

I 

max 

Unit 

Input Capacitance 

C,n 

> 

o 

II 

- 

7.5 

pF 

Output Capacitance 

Cout 

v uu( = ov 

- 

15 

pF 
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HN48016P 


■ PROGRAM OPERATION 

• DC PROGRAMMING CHARACTERISTICS(Vcc=5V±5%, Kr P =25V±lV, Ta=0 to + 7012 ) 


Parameter 

Symbol 

Test Condition 

| 

min 

typ 

max 

Unit 

Input Leakage Current 

Iu 

V}/v=5.25V 

3 — 

- 

10 

M 

Vcc Supply Current 

Iccz 


- 

32 

50 

m A 

Vpp Supply Current 

Ippz 


- 

10 

20 

m A 

Input Voltage 

Vn 


-0.1 

- 

0.8 

V 

V, H 


ixJ 

- 

- 

V 


• AC PROGRAMMING CHARACTERISTICS(Vcc“5V±5%, V«.-25V±1V, Ta~0 to +7012) 


Parameter 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Address Setup Time 

t A s 


2 

- 

- 

PS 

CS Setup Time 

tcss 


2 

- 

- 

V s 

Data Setup Time 

Ids 


2 

- 

- 

,s 

Address Hold Time 

Iah 


2 * 

- 

- 

US 

CS" Hold Time 

tcSH 


7 

- 

- 

/xs 

Data Hold Time 

t DH 


2 

- 

- 

Ms 

Chip Deselect to Output Float Delay 

Idf 


0 

40 

100 

ns 

Chip Select to Output Delay 

tco 


- 

70 

150 

ns 

Program Pulse Width 

tpw 


15 

20 

25 

ms 

Program Pulse Rise Time 

tpRT 


5 

- 

- 

ns 

Program Pulse Fall Time 

tPFT 


5 

- 

- 

ns 

Vpp Setup Time 

tps 


10 

- 

- 

Ms 

Vpp Hold Time 

t PH 


10 

- 

- 

Ms 

CS to Program Mode Time 

t VS 


10 

- 

- 

Ms 

Vpp Read Mode Time 

t VH 


10 

- 

- 

Ms 


♦ If the mode changes from program mode to program verify mode sequentially (in the same address), tvi must be larger than f ia »# + f<«. 


• TEST CONDITION 

Test Condition 

Input pulse levels: 

Input rise and fall time: 

Reference level for Measuring Timing: 


0.8V to 2.0V 
20ns (10% to 90%) 
Input; 1 V and 1 .8V 
Output: 0.8V and 2.0V 


Program 


Read 

Prograr 

n Verify 

1 


Read 

Address 

ICi 

ai 

K' 

HR 

Address 

Valid 

■] 



191 

1—1 

■■■1 


HbBHbH 

mi 

mn 

sn 

im 

a 



1 

i 

■nil 

k 

Shi 

■ 

1 


■ 

■■ 

■ 

ic 

i 



■ 

1 

HI 

Vcc 

I vs 

i 

tPK 

tps 

X 

r tPFT 


r 

tPH 

tVH 


+25V 

Vpp 

+5V 

_V 
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HN48016P 


■ ERASE OPERATION 

• DC ERASING CHARACTERISTICS (foc = 5V + 5%, fop=25V±lV, 7a= 0 to +7013) 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

Input Leakage Current 

I LI 

V/W—5.25V 

- 

- 

10 

//A 

Vcc Supply Current 

Icc 3 



32 

50 

mA 

Vpp Supply Current 

I PP3 


- 

10 

20 

mA 

Input Voltage 

VlL 


-0.1 

- 

0.8 

V 

V,H 


2.0 

- 

- 

V 


• AC ERASING CHARACTERISTICS (foe =5 V + 5%, fop=25V±lV, 7a= 0 to +7013; 


Parameter 

Symbol 

Test Condition 

min. 

typ. 

max. 

Unit 

CS Setup Time 

tECSS 


2 

- 

- 

fIS 

PGM to Output Delay 

tEO 


7 

- 

- 

fiS 

Erase Pulse Width 

Iew 


190 

200 

210 

ms 

Erase Pulse Rise Time 

tERT 


5 

- 

- 

ns 

Erase Pulse Fall Time 

tEFT 


5 

- 

- 

ns 

Vpp Setup Time 

Ies 


10 

- 

- 

MS 

Vpp Hold Time 

t EH 


10 

- 

- 

Ms 

Erase Program Time l E p 

t E P 


10 

- 

- 

Ms 

Program Enase Time tp E 

t PE 


10 

- 

- 

Ms 


• TEST CONDITION 

Test Condition 

Input pulse levels: 0.8V to 2.0V 

Input rise and fall time: 20ns (10% to 90%) 

Reference level for Measuring Timing: Input; 1 V and 1 .8V 

Output; 0.8V and 2.0V 


■ POWER SUPPLY SEQUENCE PRECAUTIONS 

To protect the written data, power supply to the 
HN48016P should be turned on and off in the fol- 
lowing order: 

• Power On-Off Order and Input Level Limitation 
for CS and PGM Terminals 
Table 1 shows the relationship between the order in 
which power supply for the HN48016P should be 
turned on and off and the input levels of the C§ and 
PGM terminals. 

(1) For the 5V Vpp and Vcc, there is no limitation 
as to the order in which power is turned on and 
off the state of the input terminals £5 and 
PGM. 

(2) When turning on and off power supply for the 
25V Vpp, keep Vcc at between 4.5V and 7V, 
and PGM at "Low." 

(3) When turning on and off power supply for the 
5V Vcc while Vpp equals 25V ± IV (this being 
a rare case for the HN48016P), make sure to 
keep PGM at "Low." 

Fig. 1 shows the timing order in which power is 
turned on and off. 


• Table 1. Power On-Off Order for HN48016P 


Input Level 

1 Power On-Off 

PGM 

CS 

5 V- Vpp- Vcc 

25 V- fop 

V IL 

VlL 

Possible 

Possible only when 

V n 

VlH 

Vcc = 4.5~7V* z 

V IH 

VlL 

Possible 

impossible* 2 

VlH 

VlH 


Note 1 . If Power for the 25V Vpp were turned on or off 
while Vcc = -0-3V to +4.5V, the data holding 
characteristic would probably deteriorate. 

Note 2. If the 25V Vpp were operated to choose a “write” 
or "erase" mode while PGM * "V|h," contents of 
ROM would probably change. 
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HN48016P 


• Example of Standard Power Supply Sequence 

The following is an example of standard power 
supply sequence: 



• Inter-mode Timing 

The HN48016P has six operating modes, 5V Vpp read- 
out, non-selected, 25V Vpp write, write check, write 
inhibit, and erase. To protect the written data, keep the 
terminal PGM at "Low" for a period of 10jus before and 
after turning the terminal Vpp from 5V to 25V and 
vice versa. 

The following describes the inter-mode timing for a 
system that uses the HN48016P. 

• Readout-* Write -* Readout 

Before turning the terminal Vpp to 25V, keep the 
terminal PGM at "Low" for a period of lOjiis minimum 
(as indicated by tvs)- After the terminal Vpp has been 
turned to 25V, keep the terminal C§ at "Low" for a 
period of lOps minimum (as indicated by tps). Before 
turning the terminal Vpp to 5V, keep the terminal C5 at 
"Low" for a period of IOjus minimum (as indicated by 
tpn). After the terminal Vpp has been turned to 5V, 
keep the terminal PGM at "Low" for a period of 10/xs 
minimum (as indicated by typi)- 

• Readout-* Erase-* Readout 

This^ timing sequence is shown in Fig. 3. After turning 
the terminal Vpp to 25V, keep the terminal PGM at 
"Low" for a period of 10jus minimum (as indicated by 
tEs)- Kee P the terminal PGM at "Low" for a period of 
10/xs minimum (as indicated by tEH) before turning the 
terminal V PP t0 5V, as well. 

• Erase -* Write -* Erase 

This timing sequence is shown in Fig. 4. Before turning 
the terminal CS to "High (write mode)," keep the 
terminal. 

PGM at "Low" for a period of 10)us minimum (as 
indicated by tEph Before turning from "write" to 
"erase," keep the terminal CS at "Low" for a period of 
10jus minimum (as indicated by tp£). 



pgm ^ 


Fig. 1. Power on-off timing sequence. 



Fig. 2. “Readout->Write-*Readout” timing 



Fig. 3. “Readout-^Erase-^Readout” timing. 
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HM10414, H Ml 0414-1 


256 - word x 1 -bit Fully Decoded Random Access Memory 


The HM10414 is ECL 10K compatible, 256-word x 1-bit, read write, 
random access memory developed for high speed systems such as 
scratch pad and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metal ization. 

The HM10414 is encapsulated in cerdip-16pin package, compatible 
with Fairchild's FI 041 4. 

• Fully compatible with 10K ECL level 

• Address access time: HM10414: 10ns (max.) 

HM10414-1: 8ns (max.) 

• Write pulse width: 6ns (min.) 

• Three chip select pins 

• Output obtainable by wired-OR (open emitter) 



■ TRUTH TABLE 


Input 

Output 

Mode 

CS 

WE 

Din 

any one 

H 

X 

X 

L 

Not Selected 

all 

L 

L 

L 

L 

Write “0” 

all 

L 

L 

H 

L 

Write “1” 

all 

L 

H 

X 

Dout * 

Read 


x : Don’t care 
* : Read out non- inverted 


■ BLOCK DIAGRAM 



■ PIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

V EE tO Wc 

+ 0.5 to -7.0 

V 

Input Voltage 

V,n 

+ 0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

T, lg 

-65 to +150 

*C 

Storage Temperature 

7,*, (Bias)* 

-55 to +125 

*C 


* Under Bias 
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HM10414, HM10414-1 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS ( Vee --5. 2V,Rl = 50 Cl to -2.0V, Ta- 0 to +75°C,air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

min OB) 

typ 

max (A) 

Unit 

Output Voltage 

VOH 

. 

Vin—Viha or Vn.H 

0°C 

-1000 

- 

-840 

mV 

+ 25°C 

-960 

- 

-810 

4-75'C 

-900 

- 

-720 

VoL 

0°C 

-1870 

- 

-1665 

+ 25°C 

-1850 

- 

-1650 

+ 75‘C 

-1830 

- 

-1625 

Output Threshold Voltage 

V()HC 

Vis— Vihb or Vila 

1 

0*C 

-1020 

- 

- 

mV 

+ 25°C 

-980 

- 

- 

4- 75°C 

-920 

- 

- 

VoLC 

0’C 

- 

- 

-1645 

+ 25°C 

- 

- 

-1630 

4- 75*C 

- 

’ - 

-1605 

Input Voltage 

V,H 

Guaranteed Input Voltage ! 
High for All Inputs ! 

0°C 

-1145 

- 

-840 

mV 

4-25‘C 

-1105 

- 

-810 

-F 75°C 

-1045 

- 

-720 

V,L 

Guaranteed Input Voltage 
Low for All Inputs 

0°C 

-1870 

- 

-1490 

+ 25°C 

-1850 

- 

-1475 

+ 75°C 

-1830 

- 

-1450 

Input Current 

IlH 

VlN-V.HA 

0 to 4-75°C 

- 

- 

220 

M 

I,L 

CS 

Vis- Vilb 

0 to 4-75°C 

0.5 

- 

170 

Other 

-50 

- 

- 

Supply Current 

Ikf 

All Input and Output Open, 

Test Pin 8 

+75°C 

- 

-130 

- 

m A 

or 

-180 

-140 

- 


• AC CHARACTERISTICS 

( V££= — 5.2V±5%, To=0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 


Item 

Symbol 

Test Condition 

HM 10414 

HM 10414- 

1 

Unit 

min 

typ 

max 

min 

typ 

max 

Chip Select Access Time 

tACR 


- 

3 

6 

- 

3 

6 

ns 

Chip Select Recovery Time 

t RCS 


- 

3 

6 

- 

3 

6 

ns 

Address Access Time 

t AA 


__ 

7 

10 

- 

6 


ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

twsA — 2 ns 

6 

4 

- 

ns 

Data Setup Time 

twSD 


1 

0 

- 

ns 

Data Hold Time 

twHD 


1 

0 

- 

ns 

Address Setup Time 

twSA 

tw^Gns 

2 

0 

- 

ns 

Address Hold Time 

twHA 


2 

0 

- 

ns 

Chip Select Setup Time 

twscs 


1 

0 

- 

ns 

Chip Select Hold Time 

twHCS 


1 

0 

- 

ns 

Write Disable Time 

tws 


- 

- 

5 

ns 

Write Recovery Time 

twR 


- 

- 

5 

ns 


3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Rise Time 

tr 


- 

1.5 

2.5 

ns 

Output Fall Time 

tf 

i 

- 

1.5 

2.5 

ns 


4. CAPACITANCE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

Cn 


- 

3 

5 

pF 

Output Capacitance 

G„ f 



5 

8 

P F 
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HM10414, HM10414-1 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITIONS 2. INPUT PULSE 



Ci=30pF( includes jig and stray capacitance) 

3. READ MODE 




Ambient Temperature Ta CC) 


Supply Voltage Vee (V) 
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Write Pulse Width (ns) Chip Select Access Time tACs (nsi Address Access Time tAA (ns) 


HM10414, HM10414-1 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 



-20 0 20 40 60 80 100 

Ambient Temperature Ta (*C) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 




























1 

1 — 






1 

Ta= 

25*C 


-5.72 - 5.20 - 4.68 

Supply Voltage Vee (V) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 









































V 

ee- ~ 5.20 
1 

V 

i 


-20 0 20 40 60 80 100 

Ambient Temperature Ta (*C) 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 




















— 











‘ 











Ta — ‘i\ 



- 5.72 - 5.20 - 4.68 

Supply Voltage Vee ! V) 


WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE 




































Vee = 

1 1 

-5.20 V 


-20 0 20 40 60 80 100 

Ambient Temperature Ta (°C) 


WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 



































i 

Ta- 

1 

= 25"C 

1 


-5.72 -5.20 -4.68 


Supply Voltage Vef. (Vi 
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HM2HO, HM2HO-1 


1024-word x 1 -bit Fully Decoded Random Access Memory 


The HM2110 Series item is an ECL compatible, 1024*word x 1-bit, 
read/write, random access memory developed for application to 
scratch pads, control and buffer memories, etc. which require high 
speeds. 

• It is compatible with 10K ECL logic. 

• Chip select access time 10ns (max.) 

• Address access time HM2110: 35ns (max.) 

HM2110-1: 25ns (max.) 

• Power consumption 0.5mW/bit (typ) 

• Output obtainable by Wired-OR (open emitter). 


■ TRUTH TABLE 


Input 

Output 

Mode 

CS 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “ 1 ” 

L 

H 

X 

Dout* 

Read 


X : irrelevant 
* ! Read out noninverted 


■ BLOCK DIAGRAM 




DC - 16A 


■ PIN ARRANGEMENT 



■ ABSOLUTE MAXMUM RATINGS 


Item 

Symbol 

HM2110 Series 

Unit 

Supply Voltage 

V EE to Vcc 

+0.5 to —7.0 

V 

Input Voltage 

V,n 

+ 0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

T. t . 

-65 to +150 

°C 

Storage Temperature 

Tsigi Bias)* 

-55 to +125 

°C 


* Under Bias 
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HM2110, HM2110-1 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee = ~ 5.2V, i?L = 50H to -2.0V, Ta = 0 to + 75°C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

min(B) 

typ 

max (A) 

Unit 

Output Voltage 

VOH 

VlN = VlHA or Vl LB 

o*c 

-1000 

- 

-840 

mV 

-H25°C 

-960 

- 

1 

OO 

o 

+75°C 

-900 

- 

-720 

VOL 

0 # C 

-1870 

- 

-1665 

+25°C 

-1850 

- 

-1650 

+ 75°C 

-1830 

- 

-1625 

Output Threshold Voltage 

V OHC 

Vin — V ihb or Vila 

0°C 

-1020 

- 

- 

mV 

+ 25*C 

-980 

- 

- 

+75°C 

-920 

- 

- 

VOLC 

0°C 

- 

- 

-1645 

+25°C 

- 

- 

-1630 

+75*C 


- 

-1605 

Input Voltage 

V,H 

Guaranteed Input Voltage 
High for All Inputs 

0°C 

-1145 

- 

-840 

mV 

4-25'C 

-1105 

- 

-810 

+ 75°C 

-1045 

- 

-720 

VtL 

Guaranteed Input Voltage 
Low for All Inputs 

o°c 

-1870 

- 

-1490 

+ 25°C 

-1850 

- 

-1475 

+ 75°C 

-1830 

- 

-1450 

Input Current / 

1 1 H 

V ! N — V 1 H A 

0 to +75°C 

- 

- 

220 

M 

IlL 

cs 

V, N = V, LB 

0 to +75°C 

0.5 

- 

170 

Other 

-50 

- 

- 

Supply Current 

I EE 

All Input and Output Open, 

Test Pin 8 

0^7a<25°C 

-150 

-100 

- 

mA 

Ta> 25°C 

-125 

-90 

- 


• AC CHARACTERISTICS 

{Vee = — 5.2V ±5%, Ta = 0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 


Item 

Symbol 

Test Condition 

HM2110 

HM2110- 

1 

Unit 

min 

typ 

max 

min 

typ 

max 

Chip Select Access Time 

tACS 


- 

7 

10 

- 

7 

10 

ns 

Chip Select Recovery Time 

t RCS 


- 

7 

10 

- 

7 

10 

ns 

Address Access Time 

t AA 


~ 

20 

35 

- 

15 

25 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

HM2110 

HM2110- 

1 

Unit 

min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

tw 

twsA~ 8 ns 

25 

- 

- 

25 

- 

- 

ns 

Data Setup Time 

twSD 


5 

- 

- 

5 

- 

- 

ns 

Data Hold Time 

twHD 


5 

- 

- 

5 

- 

- 

ns 

Address Setup Time 

twSA 

tw— 25ns 

8 

- 

- 

8 

- 

- 

ns 

Address Hold Time 

twHA 


2 

- 

- 

2 

- 

- 

ns 

Chip Select Setup Time 

twscs 


5 

- 

- 

5 

- 

- 

ns 

Chip Select Hold Time 

twHCS 


5 

- 

- 

5 

- 

- 

ns 

Write Disable Time 

tws 


- 

- 

10 

- 

- 

10 

ns 

Write Recovery Time 

twR 


- 

- 

10 

- 

- 

10 

ns 
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HM2110, HM2110-1 

3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

Output Rise Time 

tr 


- 

Output Fall Time 

tf 


- 


4. CAPACITANCE 


Item 

Symbol 

, 

Test Condition 

min 

Input Capacitance 

Cin 


- 

Output Capacitance 

Cout 


- 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

GND 



2. INPUT PULSE 



3. READ MODE 





Supply Current If.e (mA) 


HM2110, HM2110-1 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE SUPPLY VOLTAGE 




ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 



Ambient Temperature To CC) 
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HM2112, HM2112-1 


1024-wordxi-bit Fully Decoded Random Access Memory 


The HM2112 is an ECL compatible, 1024-word x 1-bit, read/write, 
random access memory developed for application to scratch pads, 
control and buffer memories, etc. which require high speeds. 


■ FEATURES 

• Level 10k ECL Compatible 

• Construction 1024-word by 1-bit 

• Address Access Time HM21 12 10ns (max.) 

HM2112-1 8ns (max.) 

• Chip Select Access Time 5ns (max.) 

• Power Consumption 0.8mW/bit (typ) 

• Output Obtainable by Wired-OR (open emitter) 

• Fully Pin Compatible with F 1 041 5 

■ TRUTH TABLE 


Input 

Output 

Mode 

CS 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

W rite “ 1 ” 

L 

H 

X 

Dout* 

Read 


x : Irrelevant 
* I Read out noniverted 


■ BLOCK DIAGRAM 




■ PIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

HM2112 

Unit 

Supply Voltage 

V EE to Wc 

+ 0.5 to —7.0 

V 

Input Voltage 

V,n 

+0.5 to V EE 

V 

Output Current 

/„u« 

-30 

mA 

Storage Temperature 

T.u 

-65 to +150 

°C 

Storage Temperature 

Tig (Bias)* 

-55 to +125 

°C 


* Under Bias 
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HM2112, HM2112-1 


■ ELECTRICAL CHARACTERISTICS 


(Vee — — 5.2V, /2l = 5017 to —2.0V, 7a = 0 to +75°C, air flow exceeding 2m/sec) 

• DC CHARACTERISTICS 


Item 

Symbol 

Test Condition 

min(B) 

typ 

max (A) 

Unit 

Output Voltage 

Voh 

Vin = Viha or Vile 

0°C 

-1000 

- 

-840 

mV 

+25'C 

-960 

- 

-810 

+75°C 

-900 

- 

-720 

VoL 

0*C 

-1870 

- 

-1665 

+25°C 

-1850 

- 

-1650 

+ 75°C 

-1830 

- 

-1625 

Output Threshold Voltage 

VoHC 

V i n — V ihb or Vila 

O'C 

-1020 

- 

- 

mV 

+25°C 

-980 

- 

- 

+ 75°C 

-920 

- 

- 

VoLC 

0°C 

- 

- 

-1645 

+ 25°C 

- 

- 

-1630 

+75'C 

- 

- 

-1605 

Input Voltage 

V,H 

Guaranteed Input Voltage 
High for All Inputs 

0°C 

-1145 

- 

-840 

mV 

+ 25°C 

-1105 

- 

-810 

4-75‘C 

-1045 

- 

-720 

V,L 

Guaranteed Input Voltage 

Low for All Inputs 

0°C 

-1870 

- 

-1490 

+25’C 

-1850 

- 

-1475 

4-75'C 

-1830 

- 

-1450 

Input Current 

IlL 

V,S = VlHA 

0 to +75°C 

- 

- 

220 

M 

1 1 L 

CS 

V, N =V„.B 

0 to +75°C 

0.5 

- 

170 

Other 

-50 

- 

- 

Supply Current 

I EE 

All Input and Output Open, 

Test Pin 8 

Ta= 0°C 

-200 

- 

- 

mA 

7a = 75°C 

-170 

- 

- 


• AC CHARACTERISTICS 


( Vee = — 5.2V ±5%, Ta = 0 to +75°C, air flow exceeding 2m/sec, see test circuit and waveforms) 
1. READ MODE 


Item 

Symbol 

Test Condition 

HM2112-1 

HM2112 

Unit 

min 

typ 

max 

min 

typ 

max 

Chip Select Access Time 

t ACS 


1 

3 

5 

1 

3 

5 

ns 

Chip Select Recovery Time 

t RCS 

1 

3 

5 

1 

3 

5 

ns 

Address Access Time 

t A A 

3 

6.5 

8 

3 

7.5 

10 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

HM2112-1 ! 

HM2112 

Unit 

min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

tw 

twsA “^ns 

6 

2 

- 

6 

2 

- 

ns 

Data Setup Time 

t WSD 


1 

0 

- 

1 

0 

- 

ns 

Data Hold Time 

t WHO 


1 

0 

- 

1 

0 

- 

ns 

Address Setup Time 

t IVS-4 

f v^fins 

3 

0 

- 

3 

0 

- 

ns 

Address Hold Time 

tv/HA 


2 

0 

- 

2 

0 

- 

ns 

Chip Select Setup Time 

t WSCS 


1 

0 

- 

1 

0 

- 

ns 

Chip Select Hold Time 

t WHCS 


1 

0 

- 

1 

0 

- 

ns 

Write Disable Time 

tws 


1 

3 

5 

1 

3 

5 

ns 

Write Recovery Time 

twR 


1 

3 

5 

1 

3 

5 

ns 
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HM2112, HM2112-1 

3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

■EBSHK 

Unit 

Output Rise Time 

tr 


0.8 

1.5 

WBXWM 

ns 

Output Fall Time 

t/ 


0.8 

1.5 


ns 


4. CAPACITANCE 
























Chip Select Access Time Iacs (ns) .Address Access Time lAA ( ns ) 


HM2112, HM2112-1 


SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 



SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



Supply Voltage Vee (V) 


ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 
















— 

- 

r 

— 



— 

H*A 















Vee=- 

-5.20V 

1 


-20 0 20 40 60 80 100 

Ambient Temperature j a (’q) 



CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 










































Vee=- 

1 

-5.20 V 

1 


-20 0 20 40 60 80 100 

Ambient Temperature Ta (’C) 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 



Supply Voltage Vee (V) 
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HM2112, HM2112-1 


WRITE PULSE WIDTH 
vs. AMBIENT TEMPERATURE 




































Vee = 

-5.20 V 

1 


-20 0 20 40 60 80 100 

Ambient Temperature Ta (*C) 


WRITE PULSE WIDTH 
vs. SUPPLY VOLTAGE 








- 


























1 


Ta-- 

1 

= 25*C 


-5.72 -5.20 -4.68 

Supply Voltage Vee IV) 
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HM10422 


256- word x 4-bit Fully Decoded Random Access Memory 
The HM 10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild's FI 0422. 

■ FEATURES 

• 256-word x 4 bit organization. 

• Fully compatible with 10K ECL level 



• Address access time: 10ns (max) 

• Write pulse width: 6ns (min) 

• Power dissipation: 0.8mW/bit 

• Output obtainable by wired-OR (open emitter) 


■ TRUTH TABLE 


Input | 



BS 

WE 

Din 



H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “1” 

L 

H 

X 

Dout* 

Read 


Notes) X I Irrelevant 

* 1 Read out noninvert 


■ BLOCK DIAGRAM 

A5 A6 A7 
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HM10422 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+0.5 to -7.0 

V 

Input Voltage 

V,n 

+0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

T.t t 

-65 to +150 

°C 

Storage Temperature 

Totgi Bias)* 

-55 to +125 

# C 


* Under Bias 


■ ELECTRICAL CHARACTERISTICS 


{Vee — —5.2V, Rl = 50f2 to —2.0V, Ta = 0 to +75°C, air flow exceeding 2m/sec) 

• DC CHARACTERISTICS 


Item 

Symbol 

Test Condition | 

min(B) 

typ 

max (A) 

Unit 

Output Voltage 

VOH 

V IN “ VlH A 

or V i lb 

0°C 

-1000 

- 

-840 

mV 

+ 25°C 

-960 

- 

-810 

+ 75°C 

-900 

- 

-720 

VoL 

0°C 

-1870 

- 

-1665 

+25'C 

-1850 

- 

-1650 

+75°C 

-1830 

- 

-1625 

Output Threshold Voltage 

V OHC 

Vin = Vihb or Vila 

0'C 

-1020 

- 

- 

mV 

+25°C 

-980 

- 

- 

+ 75*C 

-920 

- 

- 

VoLC 

0°C 

- 

- 

-1645 

+ 25°C 

- 

- 

-1630 

+75°C 

- 

- 

-1605 

Input Voltage 

VlH 

Guaranteed Input Voltage 
High for All Inputs 

0°C 

-1145 

- 

-840 

mV 

+25°C 

-1105 

- 

-810 

+ 75 # C 

-1045 

- 

-720 

VlL 

Guaranteed Input Voltage 
Low for All Inputs 

0°C 

-1870 

- 

-1490 

+25”C 

-1850 

- 

-1475 

+75°C 

-1830 

- 

-1450 

Input Current 

IlH 

VlN = VlHA 

0 to +75°C 

- 

- 

220 

M 

1 1 L 

BS 

V, N = V,LB 

0 to +75°C 

0.5 

- 

170 

Other 

-50 

- 

- 

Supply Current 

I EE 

All Input and Output Open, 

Test Pin 12 

Ta = 0°C 

-200 

-160 

- 

mA 

Ta = 75‘C 

- 

-145 

- 


• AC CHARACTERISTICS 

1. READ MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Block Select Access Time 

tABS 


- 

- 

5 

ns 

Block Select Recovery Time 

t RBS 


- 

- 

5 

ns 

Address Access Time 

t AA 



7 

10 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

twsA “2ns 

6 

4.5 

- 

ns 

Data Setup Time 

twSD 


2 

0 

- 

ns 

Data Hold Time 

t WHD 


2 

0 

- 

ns 

Address Setup Time 

twSA 

t iv = 6ns 

2 

0 

- 

ns 

Address Hold Time 

tWHA 


2 

0 

- 

ns 

Block Select Setup Time 

twSBS 


2 

0 

- 

ns 

Block Select Hold Time 

tWHBS 


2 

0 

- 

ns 

Write Disable Time 

tws 


- 

4 

5 

ns 

Write Recovery Time 

twR 


- 

4.5 

9 

ns 


356 


0 HITACHI 



HM10422 


3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Rise Time 

t r 


- 

2 

- 

ns 

Output Fall Time 

tf 


- 

2 

- 

ns 


4. CAPACITANCE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

C,n 


- 

4 

- 

pF 

Output Capacitance 

Cout 


- 

7 

- 

pF 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 



3. READ MODE 



2. INPUT PULSE 


-0.9V 



tr“t/“2.0ns typ 




4. WRITE MODE 


■BS 50'^ 

^ 50%^ 

S 



Address 

50^ 

^ 50%^ 

t 







Din 


50 ^ 

/ 

\ 







I - *- ttt 




"WE 


\ 

^50% 50%^ 

/ 7 





Dow 


^ 1^50% 




ftrs t 
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Block Select Access Time tABS (ns) Address Access Time Iaa (ns) Supply Current Iee (mA) 


HM10422 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE SUPPLY VOLTAGE 




-5.72 - 5.20 - 4.68 

Supply Voltage Vee (V) 


ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 


ADDRESS ACCESS TIME vs. 
SUPPLY VOLTAGE 



-20 0 20 40 60 80 100 



-5.72 -5.20 -4.6 


Ambient Temperature Ta (’C) 


Supply Voltage Vee (V) 


BLOCK SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 



BLOCK SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 
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Write Pulse Width (ns) 


HM10422 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 



-20 0 20 40 60 80 100 

Ambient Temperature Ta (*C) 


8 

I 

s 

£ 


WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 








—1 , 


































7o=2E 

p 


-5.72 - 5.20 - 4.68 

Supply Voltage Vee (V) 
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HM 10422-7 


256- word x 4-bit Fully Decoded Random Access Memory 


The HM 10422 is ECL 10K compatible, 256-word x 4-bit, read write, 
random access memory developed for high speed systems such as 
scratch pads and control buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10422 is encapsulated in cerdip-24 pin package, compatible 
with Fairchild's FI 0422. 


■ FEATURES 

• 256-word x 4 bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 7ns (max) 

• Write pulse width: 4ns (min) 

• Power dissipation: 1 .0 mW/bit 

• Output obtainable by wired-OR (open emitter) 


■ TRUTH TABLE 


Input 

Output 

Mode 

BS 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “ 1 ” 

L 

H 

X 

Dout* 

Read 


Notes) x ! Irrelevant 

* ! Read out noninvert 


■ BLOCK DIAGRAM 


A! " 1 
Q 

As 0-1 X 

A4 O- 


A.i A6 A7 

1 I L 


Y-Decoder/Driver 

— XJ- 


^7 



Memory 

256 Wn 

Cell Array 

rds X4 Bits 


Block 1 

Block 2 

Block 3 

Block 4 


(7“ 

0 

0 

• R/W Circuit 

R/W Circuit 

R/W Circuit 

R/W Circuit 

AAA 

|! £ i 

AAA 

|l 3 S 

AAA 

li 5 i 

A A A J 

js 6 

|aa n n 



■ PIN ARRANGEMENT 
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HM1 0422-7 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

4-0.5 to -7.0 

V 

Input Voltage 

V,, 

+ 0.5 to Vee 

V 

Output Current 


-30 

mA 

Storage Temperature 

T.tg 

-65 to +150 

°C 

Storage Temperature 

T,t t ( Bias)* 

-55 to +125 

°C 


* Under Bias 


■ ELECTRICAL CHARACTERISTICS 

(Vee 5.2V, RlSOQ to —2.0V, Ta = 0 to +75°C, air flow exceeding 2m/sec) 

• DC CHARACTERISTICS 


Item 

Symbol 

Test Condition | 

! min(B) 

typ 

max (A) 

Unit 

Output Voltage 

Voh 

VtN “ VlHA 

or Vi lb 

O’C 

-1000 

- 

-840 

mV 

+25°C 

-960 

- 

-810 

+75'C 

-900 

- 

-720 

Voi 

0°C 

-1870 

- 

-1665 

+25'C 

-1850 

- 

-1650 

+ 75'C 

-1830 

- 

-1625 

Output Threshold Voltage 

V OHC 

Vin — Vihb or Vila 

0°C 

-1020 

- 

- 

mV 

+25°C 

-980 

- 

- 

+75°C 

-920 

- 

- 

VoLC 

0°C 

- 

- 

-1645 

+25°C 

- 

- 

-1630 

+75°C 

- 

- 

-1605 

Input Voltage 

V,H 

Guaranteed Input Voltage 
High for All Inputs 

or 

-1145 

- 

-840 

mV 

+25°C 

-1105 

- 

o 

oo 

1 

+75°C 

-1045 

- 

-720 

V,L 

Guaranteed Input Voltage 

Low for All Inputs 

0°C 

-1870 

- 

-1490 

+25°C 

-1850 

- 

-1475 

+75°C 

-1830 

- 

-1450 

Input Current 

I IH 

VlN^VlHA 

0 to +75°C 

- 

- 

220 

M 

1 1 L 

BS 

V, N = V lLB 

0 to +75°C 

0.5 

- 

170 

Other 

-50 

- 

- 

Supply Current 

Iee 

All Input and Output Open, 

Test Pin 12 

Ta=0°C 

- 240 

-200 

- 

mA 

7a = 75°C 

- 

-180 

- 


• AC CHARACTERISTICS 

1. READ MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Block Select Access Time 

t ABS 


- 

- 

5 

ns 

Block Select Recovery Time 

t RBS 


- 

- 

5 

ns 

Address Access Time 

t AA 


- 

4 

7 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

ttvsx. == 2ns 

4 

3 

- 

ns 

Data Setup Time 

twSD 


1 


- 

ns 

Data Hold Time 

t WHO 


1 


- 

ns 

Address Setup Time 

t WSA 

= 4ns 

2 


- 

ns 

Address Hold Time 

t WHA 


1 


- 

ns 

Block Select Setup Time 

t WSBS 


1 


- 

ns 

Block Select Hold Time 

t WHBS 


1 


- 

ns 

Write Disable Time 

tws 


- 

3 

5 

ns 

Write Recovery Time 

twR 


- 

3 

5 

ns 
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HM1 0422-7 


3. RISE/FALL TIME 



■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 



probe and jig 
capacitance) 

3. READ MODE 



4. WRITE MODE 
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HM 10470, HM 10470- 1, 
HM10470F 


4096-word x 1-bit Fully Decoded Random Access Memory 

The HM10470/F is ECL 10K compatible, 4096-words x 1-bit, read 
write random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide isola- 
tion method with double metalization. 

The HM10470/F is encapsulated in cerdip-18 pin and Flat-18 pin 
package, compatible with FairchilH's FI 0470. 


■ FEATURES 

• 4096-word x 1 -bit organization 

• Fully compatible with 10K ECL level 

• Address access time: HM10740/F 25ns (max) 

HM1 0470-1 15ns (max) 

• Write pulse width: HM10470/F 25ns (min) 

HM10470-1 15ns (min) 

• Low power dissipation: 0.2mW/bit 

• Output obtainable by wired-OR (open emitter) 

■ TRUTH TABLE 


Input 

Output 

Mode 

CS 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write "1” 

L 

H 

X 

Dout* 

Read 


Notes) X : Irrelevant 

* I Read Out Noninvert 


■ BLOCK DIAGRAM 



HM10470, HM10470-1 



(DG -18) 


HM10470F 



(FG -18) 

■ PIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS ( To -25'C) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+ 0.5 to -7.0 

V 

Input Voltage 

V,n 

+0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

T, tg 

-65 to +150 

°C 

Storage Temperature 

TstgiBias)* 

-55 to +125 

°C 
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HM10470, HM10470-1, HM10470F 


■ TEST CIRCUIT AND WAVEFORMS 

• DC CHARACTERISTICS (Vee - -5.2V, Rl = 50H to -2.0V, 7a = 0 to +75°C, air flow exceeding 2m/sec) 


Item 

Symbol 

\ Test Condition ! 

min (B) 

typ 

max (A) 

Unit 

Output Voltage 

VOH 

VlN^VlHA or VlLB 

o°c 

-1000 

- 

-840 

mV 

+ 25°C 

-960 

- 

-810 

+75°C 

-900 

- 

-720 

VoL 

0°C 

-1870 

- 

-1665 

+ 25’C 

-1850 

- 

-1650 

+75°C 

-1830 

- 

-1625 

Output Threshold Voltage 

VoHC 

V in ~ V ihb or Vila 

0°C 

-1020 

- 

- 

mV 

-f 25"C 

-980 

- 

- 

+75°C 

-920 

- 

- 

VoLC 

o°c 

- 

- 

-1645 

4-25°C 

- 

- 

-1630 

4-75°C 

- 

- 

-1605 

Input Voltage 

V,H 

Guaranteed Input Voltage 
High for All Inputs 

O'C 

-1145 

- 

-840 

mV 

+ 25°C 

-1105 

- 

-810 

-f 75°C 

-1045 

- 

-720 

VlL 

Guaranteed Input Voltage 
Low for All Inputs 

0°C 

-1870 

- 

-1490 

-f25’C 

-1850 

- 

-1475 

+75°C 

-1830 

- 

-1450 

Input Current 

I IH 

VlN [ = VlHA 

0 to -f 75 # C 

- 

- 

220 

ma 

I IL 

cs 

VlN = VlLB 

0 to +75°C 

0.5 

- 

170 

Other 

-50 

- 

- 

Supply Current 

Iee 

All Input and Output Open, 

Test Pin 9 

7a = 0°C 

-200* 

-160* 

- 

mA 

-280** 

-200** 

- 

Ta~ 75°C 

- 

-145 

- 


* HM10470/F 
** HM10470-1 


• AC CHARACTERISTICS (Vee = — 5.2 V ±5%, 7a = 0 to +75°C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

HM10470/F 

| HM 10470-1 

Unit 

min 

typ 

max 

min 

typ 

max 

Chip Select Access Time 

t ACS 


- 

- 

10 

- 

- 

8 

ns 

Chip Select Recovery Time 

t RCS 


- 

- 

10 

- 

- 

8 

ns 

Address Access Time 

t A A 


- 

15 

25 

- 

12 

15 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

HM10470/F 

HM 10470-1 | 

Unit 

min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

tw 

t ws/i = 3ns 

25 

- 

- 

15 

- 

• - 

ns 

Data Setup Time 

twSD 


2 

- 

- 

2 

- 

- 

ns 

Data Hold Time 

tWHD 


2 

- 

- 

2 

- 

- 

ns 

Address Setup Time 

t WS* 

tw~tw min 

3 

- 

- 

3 

- 

- 

ns 

Address Hold Time 

l WHA 


2 

- 

- 

2 

- 

- 

ns 

Chip Select Setup Time 

t WSCS 


2 

- 

- 

2 

- 

- 

ns 

Chip Select Hold Time 

twHCS 


2 

- 

- 

2 

- 

- 

ns 

Write Disable Time 

t WS 


- 

- 

10 

- 

- 

8 

ns 

Write Recovery Time 

twR 


- 

- 

10 

~ 

- 

8 

ns 
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HM10470, H Ml 0470-1, HM10470F 


3. RISE/FALL TIME 



■ TEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 2. INPUT PULSE 



3. READ MODE 



4. WRITE MODE 
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Chip Select Time tACS (ns) Address Adcess Time Iaa (ns f Supply Current Iee (mA) 


HM10470, HM10470-1, HM10470F 


SUPPLY CURRENT vs. SUPPLY CURRENT vs. 

AMBIENT TEMPERATURE SUPPLY VOLTAGE 




ADDRESS ACCESS tlME ADDRESS ACCESS TIME 

vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



Ambient Temperature Ta (*C) Supply Voltage Vee (V) 


CHIP SELECT ACCESS TIME CHIP SELECT ACCESS TIME 

vs. AMBIENT TEMPERATURE vs. SUPPLY VOLTAGE 



Ambient Temperature To (°C) Supply Voltage Vee (V) 
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Write Pulse Width Iw 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 



Ambient Temperature Ta (*C) 


HM10470, HM1 0470-1, HM10470F 

WRITE PULSE WIDTH vs. 

SUPPLY VOLTAGE 



Supply Voltage Vee (V) 
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HM 10470- 15 


4096- word x 1 -bit Fully Decoded Random Access Memory 
The HM10470 is ECL 10K compatible, 4096-words x 1-bit, read/ 
write, random access memory developed for high speed systems 
such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM10470 is encapsulated in cerdip-18 pin package, compatible 
with Fairchild's FI 0470. 


■ FEATURES 

• 4096-word x 1 -bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 15ns (max) 

• Write pulse width: 15ns (min) 

• Low power dissipation: 0.2 mW/bit 

• Output obtainable by wired-OR (open emitter) 



I PIN ARRANGEMENT 


■ TRUTH TABLE 


Input 

Output 

Mode 

C~S 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “1” 

L 

H 

X 

Dout * 

Read 


Notes ) X ; Irrelevant 

* ! Read Out Nonivert 


■ BLOCK DIAGRAM 




■ ABSOLUTE MAXIMUM RATINGS (To- 25 *C) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

-1-0.5 to -7.0 

V 

Input Voltage 

V in 

+ 0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

T,t g 

-65 to +150 

*C 

Storage Temperature 

T s t g (Bias)* 

— 55 to +125 

°C 


* Under Bias 
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HM1 0470-15 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee = —5.2V, Rl == 50Q, to — 2.0V, 70 = 0 to +75°C, air flow exceeding 2m/sec) 


Item 

Symbol 

S Test Condition 

min (B) 

typ 

max (A) 

Unit 

Output Voltage 

VOH 

V IN “ VlH A or VlLB 

0°C 

-1000 

- 

-840 

mV 

+ 25°C 

-960 

- 

-810 

+ 75°C 

-900 

- 

-720 

Voi 

0°C 

-1870 

- 

-1665 

+25°C 

-1850 

- 

-1650 

+75*C 

-1830 

- 

-1625 

Output Threshold Voltage 

VoHC 

Vin'~Vihb or Vila 

0°C 

-1020 

- 

- 

mV 

+25°C 

-980 

- 

- 

4-75'C 

-920 

- 

- 

VoLC 

0°C 

- 

- 

-1645 

+25°C 

- 

- 

-1630 

+ 75'C 

- 

- 

-1605 

Input Voltage 

VlH 

Guaranteed Input Voltage 
High for All Inputs 

o # c 

-1145 

- 

-840 

mV 

+25°C 

-1105 

- 

-810 

+ 75’C 

-1045 

- 

-720 

VlL 

Guaranteed Input Voltage 
Low for All Inputs 

O'C 

-1870 

- 

-1490 

+25°C 

-1850 

- 

-1475 

+ 75°C 

-1830 

- 

-1450 

Input Current 

IlH 

V,N = VlHA 

0 to +75°C 

- 

- 

220 

M 

Iil 

CS 

V,N - VlLB 

0 to + 75°C 

0.5 

- 

170 

Other 

-50 

- 

- 

Supply Current 

Iee 

All Input and Output Open, 

Test Pin 12 

Ta = 0°C 

-200 

-160 

- 

mA 

To = 75 °C 

- 

-145 

- 


• AC CHARACTERISTICS (Vee= —5. 2V±5%, 7a = 0 to +75 °C, air flow exceeding 2m/sec) 
1. READ MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Chip Select Access Time 

tACS 


- 

- 

8 

ns 

Chip Select Recovery Time 

t RCS 


- 

- 

8 

ns 

Address Access Time 

tAA 


- 

- 

15 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

twsA^^ns 

15 

- 

- 

ns 

Data Setup Time 

twSD 


2 

- 

- 

ns 

Data Hold Time 

twHD 


2 

- 

- 

ns 

Address Setup Time 

twSA 

tw= 15ns 

3 

- 

- 

ns 

Address Hold Time 

twHA 


2 

- 

- 

ns 

Chip Select Setup Time 

twscs 


2 

- 

- 

ns 

Chip Select Hold Time 

twHCS 


2 

- 

- 

ns 

Write Disable Time 

tws 


- 

- 

8 

ns 

Write Recovery Time 

twR 


- 

- 

8 

ns 
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HM10470- 15 


3. RISE /FALL TIME 


Item 

Symbol 

Test Condition 

Output Rise Time 

tr 


Output Fall Time 

t/ 



4. CAPACITANCE 

Item 

Input Capacitance 
Output Capacitance 


Test Condition 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

O Vcc(GND) 



Rl= 50Q 

Cl =30pF( includes 
probe and jig 
capacitance) 


2. INPUT PULSE 

-0.9V 77 — 



3. READ MODE 


4. WRITE MODE 
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HM2142 


4096- words x 1 -bit Very High Speed Random Access Memory 

The HM2142 is 4096-words x 1-bit very high speed read/write, 
random access memory developed for high speed systems such as 
pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM2142 is encapsulated in cerdip-20 pin package. 

■ FEATURES 

• 4096-words x 1 bit organization 

• Very high speed address access time: 10ns (max) 

• Write pulse width: 10ns (min) 

• Power dissipation: 0.3 mW/bit 

• Output obtainable by wired-OR 



■ TRUTH TABLE 


Input 

Output 

Mode 

C~S 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “1” 

L 

H 

X 

Dout * 

Read 


Notes) X I Irrelevant 

* ! Read Out Nonivert 


■ BLOCK DIAGRAM 



<<<<<< 

+ + 


■ PIN ARRANGEMENT 


nc|T 


T] V'cc-t 

Dout | 2 


j£| l^cc 

Ao El 


TT| Din 

Ai EE 


~17~[ CS 



le]m 

As [T 


TT] An 

A 4 [T 


IT] Aio 

a 5 [T 


T| a 9 

A <S [7 


TT| a 8 

vee QjT 


TTj a? 


(Top View) 
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HM2142 


■ ABSOLUTE MAXIMUM RATINGS (7a-=25’C) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

V EE tO Vcc 

+0.5 to -7.0 

V 

Input Voltage 

Vin 

4-0.5 to Vee 

V 

Output Current 

I 0 U, 

-30 

mA 

Storage Temperature 

T., t 

-65 to 4-150 

•c 

Storage Temperature 

T.tg (Bias)* 

-55 to +125 

*C 


★ Under Bias 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V E e= —5.2V, R L = 50H to -2.0V, Ta = 0 to +75 °C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition | 

min(B) 

typ 

max (A) 

Unit 

Output Voltage 

VoH 

VlH=VlHA or VlLB 

o*c 

-1000 

- 

-840 

mV 

+25*C 

-980 

- 

-810 

+75 # C 

-950 

- 

-720 

Voi 

0 # C 

-1870 

- 

-1665 

+25°C 

-1850 

- 

-1650 

+75°C 

-1830 

- 

-1625 

Output Threshold Voltage 

V OHC 

Vih=Vihb or Vila 

0 # C 

-1020 

- 

- 

mV 

+25°C 

-980 

- 

- 

+75°C 

-920 

- 

- 

V OLC 

0°C 

- 

- 

-1645 

+25 °C 

- 

- 

-1630 

+75°C 

- 

- 

-1605 

Input Voltage 

VlH 

Guaranteed Input Voltage 
High for All Inputs 

0°C 

-1165 

- 

-880 

mV 

+25°C 

-1165 

- 

-880 

+75°C 

-1165 

- 

-880 

VlL 

Guaranteed Input Voltage 
Low for All Inputs 

0°C 

-1810 

- 

-1560 

+25°C 

-1810 

- 

-1560 

+75°C 

-1810 

- 

-1560 

Input Current 

IlH 

Vl N = VlHA 

0 to +75°C 

- 


220 

M 

IlL 

c s 

Vis- Vi lb 

0 to +75°C 

0.5 

- 

170 

Others 

-50 

- 

- 

Supply Current 

Iee 

All Input and Output Open. 

p 

o 

II 

£ 

-270 

-240 

- 

mA 

! = 75°C 

- 

-220 

- 


• AC CHARACTERISTICS (Vee= —5. 2V+5%, Ta = 0 to +75°C, air flow exceeding 2m/sec) 
1. READ MODE 


Item 

Symbol 

Test Condition I 

min 

typ 

max 

Unit 

Chip Select Access Time 

tACS 


- 

- 

6 

ns 

Chip Select Recovery Time 

t RCS 


- 

- 

6 

ns 

Address Access Time 

tAA 


- 

- 

10 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

ttvs4 = 3ns 

10 

- 

- 

ns 

Data Setup Time 

twSD 


1 

- 

- 

ns 

Data Hold Time 

twHD 


1 

- 

- 

ns 

Address Setup Time 

twSA 

tiv=10ns 

3 

- 

- 

ns 

Address Hold Time 

t\VHA 


2 

- 

- 

ns 

Chip Select Setup Time 

twscs 


1 

- 

- 

ns 

Chip Select Hold Time 

twHCS 


1 

- 

- 

ns 

Write Disable Time 

tws 


- 

- 

6 

ns 

Write Recovery Time 

twN 


- 

- 

6 

ns 
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HM2142 


3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Rise Time 

t r 


- 

2 

- 

ns 

Output Fall Time 

Is 


- 

2 

- 

ns 


4. CAPACITANCE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

Cm 


- 

3 

- 

PF 

Output Capacitance 

Cout 


- 

5 

- 

PF 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

O Vcc(GND) 



Rl=50Q 

Cl= 30pF( includes 
probe and jig 
capacitance) 


2. INPUT PULSE 

-0.9 V ~T 



3. READ MODE 


4. WRITE MODE 


0 HITACHI 







HM 10474, HM10474-15 


1024-wordx4-bit Fully Decoded Random Access Memory 


The HM 10474 is ECL 10k compatible, 1024-words x 4-bit # read 
write, random access memory developed for high speed systems such 
as scratch pads and control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metal ization. 

The HM 10474 is encapsulated in cerdip-24pin package, compatible 
with Fairchild's FI 0474. 

■ FEATURES 

• 1024-word x 4-bit organization 

• Fully compatible with 10K ECL level 

• Address access time: HM 10474 25ns (max) 

HM 10474-1 5 15ns (max) 

• Write pulse width: HM10474 25ns(min) 

HM1 0474-1 5 15ns (min) 

• Low power dissipation: 0.2mW/bit 

• Output obtainable by wired-OR (open emitter) 


■ TRUTH TABLE 


Input 

Output 

Mode 

CS 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “1” 

L 

H 

X 

Dout* 

Read 


Notes) X : Irrelevant 


* Read Out Nonivert 


I BLOCK DIAGRAM 


A> 

Ai o— j 
A2 

A3 

Ai o— | 
As 


A? 

_L 


2E 


Y-Decoder/Driver 

n m 


Memory Cell Array 
x 4 Bits 


1024 Word) 


WE 0 
CS 0 


H 


Block 1 

Block 2 

Block 3 

Block 4 

O 

L ~u J 

jX" 

o 

I r7w 

1 Circuit | 

r7w 

Circuit 

r/w 

Circuit 

rTw 

1 Circuit 1 

DIi o- 

DOi o- 

A 4 

a I 

4 4 
3 § 

4 4 
3 i 



I PIN ARRANGEMENT 


VCCA [J 


24] Vcc 

DO: [7 


]T] DO: 

D0i |7 


22] DOi 

Ao[T 


ID 014 

Ai(T 


20] Dh 

A 2 1~6~ 


I?) DI: 

AaU 


jSjDh 

a<[7 


10 CS 

A5[T 


16) WE 

ncQo 


15] As 

A.[U 


HI M 

Vee [l2 


li) A? 


(Top View) 


■ ABSOLUTE MAXIMUM RATINGS (To-25”C) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+0.5 to -7.0 

V 

Input Voltage 

V,n 

+ 0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

T,t g 

-65 to +150 

# C 

Storage Temperature 

T»tg( Bias)* 

-55 to +125 

°C 


4c Under Bias 
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HM10474, HM10474-15 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee - —5.2V, Ri-50n to -2.0V, 7a=0 to +75’C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 


min (B) 

typ 

max (A) 

Unit 

Output Voltage 

V OH 

VlN “ VlH A or VtLB 

O'C 

-1000 

- 

-840 

mV 

4-25’C 

-960 

- 

-810 

4-75'C 

-900 

- 

-720 

VOL 

O'C 

-1870 

- 

-1665 

4-25'C 

-1850 

- 

-1650 

4-75‘C 

-1830 

- 

-1625 

Output Threshold Voltage 

VoHC 


0°C 

-1020 

- 


mV 

4-25'C 

-980 

- 

- 


Vila 

4-75’C 

-920 

- 

- 

VoLC 


O'C 

- 

- 

-1645 


4-25'C 

- 

- 

-1630 

4-75'C 

- 

- 

-1605 

Input Voltage 

VlH 

Guaranteed Input Voltage 
High for All Inputs 

O'C 

-1145 

- 

-840 

mV 

4-25‘C 

-1105 

- 

-810 

4-75‘C 

-1045 

- 

-720 

VlL 

Guaranteed Input Voltage 
Low for All Inputs 

O'C 

-1870 

- 

-1490 

-f 25'C 

-1850 

- 

-1475 

+75'C 

-1830 

- 

-1450 

Input Current 

I IH 

VlN =" VlHA 

0 to 4-75'C 

- 

- 

220 

M 

1 1 L 

cs 

VlN = VlLB 

0 to 4-75'C 

0.5 

- 

170 

Others 

-50 

- 

- 

Supply Current 

I EE 

All Input and Output Open, 

Test Pin 12 

Ta = O'C 

-200 

-160 

- 

mA 

7a = 75'C 

- 

-145 

- 


• AC CHARACTERISTICS (Vee — —5.2V ±5%, 7o = 0 to +75‘C, air flow exceeding 2m /sec) 
1. READ MODE 


Item 

Symbol 

Test Condition 

HM10474 

HM10474-15 

Unit 

min 

typ 

max 

min 

typ 

max 

Chip Select Access Time 

tACS 


- 

- 

10 

- 

- 

8 

ns 

Chip Select Recovery Time 

t RCS 


- 

- 

10 

- 

- 

8 

ns 

Address Access Time 

t AA 


- 

15 

25 

- 

- 

15 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

HM10474 

HM10474-15 

Unit 

min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

t w 

t wsa = 3ns 

25 

15 

- 

15 

- 

- 

ns 

Data Setup Time 

twSD 


2 

- 

- 

2 

- 

- 

ns 

Data Hold Time 

twHD 


2 

- 

- 

2 

- 

- 

ns 

Address Setup Time 

twSA 

tw^twm in 

3 

- 

- 

3 

- 

- 

ns 

Address Hold Time 

twHA 


2 

- 

- 

2 

- 

-■ 

ns 

Chip Select Setup Time 

twscs 


2 

- 

- 

2 

- 

- 

ns 

Chip Select Hold Time 

twHCS 


2 

- 

- 

2 

- 

- 

ns 

Write Disable Time 

tws 


- 

- 

10 

- 

- 

8 

ns 

Write Recovery Time 

twR 


- 

- 

10 

- 

- 

8 

ns 
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HM10474, HM10474-15 

3. RISE /FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

HWI 

Unit 

Output Rise Time 

ir 


- 

2 

- 

ns 

Output Fall Time 

t/ 


, - 

2 

- 

ns 


4. CAPACITANCE 


Item 


Input Capacitance 


Output Capacitance 


Symbol 


| Test Condition J 

min 

1 1 

m 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

Test Circuit 

Q Vcc(GND) 



2.0 V 50Q 

Ct=30pF( includes 
probe and jig 
capacitance) 


2. INPUT PULSE 

-0.9V -y- 


3. READ MODE 



















HM10474, HM10474-15 


SUPPL Y CURRENT vs. 
AMBIENT TEMPERATURE 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 





































Ta = 

|25*C 


-5.72 -5.20 -4.68 


Ambient Temperature Ta (*C) 


Supply Voltage Vee (V) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 



Ambient Temperature Ta (*C) 


Supply Voltage Vee (V) 
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Write Pulse Width tw (ns) 


HM10474, HM10474-15 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 




































Vee = - 

-5.20 V 

1 


-20 0 20 40 60 80 100 

Ambient Temperature Ta (*C) 


WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 


































1 



Ta = 

25'C 

1 


-5.72 -5.20 -4.68 

Supply Voltage Vee (V) 
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HM10480, HM10480F 


16,384-words x 1-bit Fully Decoded Random Access Memory 


The HM 10480 is ECL 10K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metal ization. 

The H Ml 0480 is encapsulated in cerdip-20 pin and flat 20-pin 
package, compatible with Fairchild's FI 0480. 


■ FEATURES 

• 16,384-words x 1 -bit organization 

• Fully compatible with 10K ECL level 

• Address access time: 25ns (max) 

• Write pulse width: 25ns(min) 

• Low power dissipation: 0.05m W/bit 

• Output obtainable by wired-OR (open emitter) 


■TRUTH TABLE 


Input 


Mode 

CS 

WE 

Din 



H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “1” 

L 

H 

X 

Dout* 

Read 


Notes) X : Irrelevant 

* ! Read Out Noninvert 


■ BLOCK DIAGRAM 



< < < < < < < 



■ ABSOLUTE MAXIMUM 

RATINGS i 

: To- 25*C) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+0.5 to -7.0 

V 

Input Voltage 

V ln 

+0.5 to Vee 

V 

Output Current 

/«., 

-30 

mA 

Storage Temperature 

T." 

-65 to +150 

°C 

Storage Temperature 

T, tt ( Bias)* 

-55 to +125 

°C 

* Under Bias 
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HM10480, HM10480F 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vis- -5.2V, Rl - 500 to -2.0V, To- 0 to +75‘C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 


min (B) 

typ 

max (A) 

Unit 

Output Voltage 

VOH 

VlN wm VlH A or VlLB 

0 # C 

-1000 

- 

-840 

mV 

+25 # C 

-960 

- 

-810 

+75°C 

-900 

- 

-720 

VOL 

o s c 

-1870 

- 

-1665 

+25"C 

-1850 

- 

-1650 

+75‘C 

-1830 

- 

-1625 

Output Threshold Voltage 

VOHC 

• Vin == Vihb or Vila 

0°C 

-1020 

- 

- 

mV 

+25°C 

-980 

- 

- 

+ 75°C 

-920 

- 

- 

VOLC 

O’C 

* ~ 

- 

-1645 

+25°C 

- 

- 

-1630 

+75’C 

- 

- 

-1605 

Input Voltage 

VlH 

Guaranteed Input Voltage 
High for All Inputs 

0°C 

-1145 

- 

-840 

mV 

+25°C 

-1105 

- 

-810 

+75*C 

-1045 

- 

-720 

VlL 

Guaranteed Input Voltage 
Low for All Inputs 

0°C 

-1870 

- 

-1490 

+25 # C 

-1850 

- 

-1475 

+75'C 

-1830 

- 

-1450 

Input Current 

I IH 

Vin — Viha 

0 to 4-75’C 

- 

- 

220 

M 

IlL 

cs 

Vin — Vilb 

0 to +75°C 

0.5 

- 

170 | 

Others 

-50 

- 

- 

Supply Current 

I EE 

All Input and Output Open, 

Test Pin 10 

7a=0°C 

-170 

-140 

- 

mA 

Ta “75 # C 

- 

-130 

- 


• AC CHARACTERISTICS {Vee 5.2V ±5%, To- 0 to +75‘C, air flow exceeding 2m/sec) 

1. READ MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Chip Select Access Time 

tACS 


2 

- 

10 

ns 

Chip Select Recovery Time 

t RCS 


2 

- 

10 

ns 

Address Access Time 

t A A 


3 

15 

25 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

/ ws/i ”= 5ns 

25 

- 

- 

ns 

Data Setup Time 

t\VSD 


5 

- 

- 

ns 

Data Hold Time 

t WHO 


5 

- 

- 

ns 

Address Setup Time 

tWSA 

t w = 25ns 

5 

- 

' - 

ns 

Address Hold Time 

tWHA 


5 

- 

- 

ns 

Chip Select Setup Time 

twscs 


5 

- 

~ 

ns 

Chip Select Hold Time 

twHCS 


5 

- 

5 

ns 

Write Disable Time 

tws 


- 

- 

10 

ns 

Write Recovery Time 

tWR 


- 

- 

10 

ns 
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HM10480, HM10480F 


3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Rise Time 

tr 


- 

2 

- 

ns 

Output Fall Time 



- 

2 

- 

ns 


4. CAPACITANCE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

C,n 


- 

4 

- 

pF 

Output Capacitance 

Cou, 


- 

7 

- 

PF 


■ TEST CIRCUIT AND WAVEFORMS 


1. LOADING CONDITION 

Test Ci rcuit 




3. READ MODE 
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HM1 00415, HM100415CC 


1024-wordxi-bit Fully Decoded Random Access Memory 
The HM100415 is a 1024-word x 1-bit, read/write random access 
memory developed for application to scratch pads, control and 
buffer storages which require very high speeds. 

The HM100415 is compatible with the HD100K families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This memory is encapsulated in cerdip-16pin 
package. 

■ FEATURES 

• Level 100K ECL Compatible 

• Organization 1024-word by 1 -bit 

• Address Access Time 10ns (max) 

• Chip Select Access Time 5ns (max.) 

• Power Consumption 0.6mW/bit (typ) 

• Output Obtainable by Wired-OR (open emitter) 

• Compatible with Fairchild F100415. 

■ TRUTH TABLE 


Input 

Output 

Mode 

CS 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “1” 

L 

H 

X 

Dout* 

Read 


Notes) X Irrelevant 

★ Read Out Nonin 


HM 10041 5 



(DG-16A) 


HM100415CC 



(CC-24) 

I PIN ARRANGEMENT 
• HM10041 5 


■ BLOCK DIAGRAM 



■ ABSOLUTE MAXIMUM RATINGS (Ta-25'C ) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+ 0.5 to -7.0 

V 

Input Voltage 

Vin 

+0.5 to Vee 

V 

Output Current 

/.«, 

-30 

mA 

Storage Temperature 

T. tt 

-65 to +150 

•c 

Storage Temperature 

T.tg (Bias) * 

-55 to +125 

•c 


* Under Bias 



• HM100415CC 
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(Top View) 







HM1 0041 5.HM1 0041 5CC 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee 4.5V, fit- 500 to -2.0V, To-0 to +85’C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

min (B) 

typ 

max (A) 

Unit 

Output Voltage 

VOH 

Vin^VlHA or VlLB 

-1025 

-955 

-880 

mV 

Voi 

-1810 

-1715 

-1620 

mV 

Output Threshold Voltage 

VoHC 

V i* Vihb or Vila 

-1035 

- 

- 

mV 

Vote 

- 

- 

-1610 

mV 

Input Voltage 

V/ff 

Guaranteed Input Voltage 

-1165 

- 

-880 

mV 

Vn 

High/Low for All Inputs 

-1810 

- 

-1475 

mV 


llH 

Vtu-VtHA 

- 


220 

M 

Input Current 

hi 

Vin-VlLB 

CS 

0.5 

- 

170 

M 


Others 

-50 

- 

- 

Supply Current 

Iee 

All Inputs and Outputs Open 

-200 

-150 

- 

mA 


• AC CHARACTERISTICS (Vee — — 4 .5V ±5%, To-0 to +85‘C, air flow exceeding 2m/sec) 

1. REAP MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Chip Select Access Time 

tACS 


- 

3 

5 

ns 

Chip Select Recovery Time 

t RCS 



3 

5 

ns 

Address Access Time 

Iaa 


- 

7 

10 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

twsA"* 2ns 

6 

4 

- 

ns 

Data Setup Time 

twSD 


2 

0 

- 

ns 

Data Hold Time 

t WHO 


2 

0 

- 

ns 

Address Setup Time 

twSA 

t 6ns 

2 

0 

- 

ns 

Address Hold Time 



2 

0 

- 

ns 

Chip Select Setup Time 

twscs 


2 

0 

- 

ns 

Chip Select Hold Time 

tWHCS 


2 

0 

- 

ns 

Write Disable Time 

tws 


- 

3 

5 

ns 

Write Recovery Time 

tWR 


- 

3 

5 

ns 


3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 




Unit 

Output Rise Time 

tr 



2 

- 

ns 

Output Fall Time 

tj 


- 

2 

- 

ns 


4. CAPACITANCE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

C,a 


- 

3 

- 

pF 

Output Capacitance 

C.a, 


- 

5 


pF 
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HM1 0041 5,HM1 0041 5CC 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 


Test Circuit 



2. INPUT PULSE 



3. READ MODE 



*!/* 2.0ns typ 


Dout 







H M 1 00422, H Ml 00422 F 
H M 1 00422CC 


256 - word x 4-bit Fully Decoded Random Access Memory 
The HM 100422 is ECL 100K compatible, 256-word x 4-bit, read 
write, random access memory developed for high speed system such 
as scratch pads and control/buffer storages. 

Four active Low Block Select lines are provided to select each block 
independently. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM 100422 is encapsulated in cerdip-24pin package, or 24pin 
flat package compatible with Fairchild's FI 00422. 

■ FEATURES 

• 256-word x 4-bit organization 

• Fully compatible with 100K ECL level 

• Address access time: 10ns (max.) 

• Minimum write pulse width: 6ns (min.) 

• Low power dissipation: 0.8mW/bit 

• Output obtainable by wired-OR (open emitter) 


■ TRUTH TABLE 


Input 

Output 

Mode 

BS 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “1” 

L 

H 

X 

Dout* 

Read 


Notes) X : Irrelevant 

* I Read Out Noninvert 


I BLOCK DIAGRAM 


a 


Aj A6 A7 

I I l 


Y-Decoder/Driver 






Memory 

Cell Array 



256 Wo 

rds X4 Bits 


Block 1 

Block 2 

Block 3 

Block 4 

4r 

, 0 

0 

4r 

R/W Circuit 

R/W Circuit 

R/W Circuit 

R/W Circuit 


TTTTrrTTTTTT 

|5 s i \£ s £ IS s I IS s I 
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(DG-24A) 


HM100422F 



(FG-24) 


HM100422CC 



(CC-24) 

■ PIN ARRANGEMENT 
• HM1 00422 





BSi [7 



DOi (7 



BS, (T 



DO, (T 



Vcc d 



(7 



DO, (7 


3* 

^ E 


EH 

DO, Qo 



BS, 01 


3 WE 

or,E 


3 Dl, 


(Top View) 


•HM1 00422F 

Aj Ai A. Vie Ai M 

JLQUMJL 



uuuuuy 

(Top View) 

IHM100422CC 
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HM1 00422, HM1 00422F.HM1 00422CC 

■ ABSOLUTE MAXIMUM RATINGS (To-= 25'C) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+ 0.5 to -7.0 

V 

Input Voltage 

Vin 

+0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

To,. 

-65 to +150 

# C 

Storage Temperature 

(Bias)* 

-55 to +125 

“C 


* Under Bias 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vee = —4.5V, RlSOCI to -2.0V, Ta = 0 to +85°C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

min(B) 

typ 

max (A) 

Unit 

Output Voltage 

VOH 

V, *“*Viha or VlLB 

-1025 

-955 

-880 

mV 

Voi. 

-1810 

-1715 

-1620 

mV 

Output Threshold Voltage 

VoHC 

Vm — Vihb or Vila 

-1035 

- 

- 

mV 

VoLC 

- 

- ! 

-1610 

mV 

Input Voltage 

VlH 

Guaranteed Input Voltage 

-1165 

- 

-880 

mV 

VlL 

High/Low for All Inputs 

-1810 

- 

-1475 

mV 


I IH 

Vtn^VlHA 

- 

- 

220 

ma 

Input Current 

1 1 L 

Vin “ V I LB 

BS 

0.5 


170 

ma 


Others 

-50 


- 

Supply Current 

I EE 

| All Inputs and Outputs Open 

-200 

-165 

- 

mA 


• AC CHARACTERISTICS (Vee = —4.5V ±5%, 7a = 0 to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Block Select Access Time 

tABS 


- 


5 

ns 

Block Select Recovery Time 

t RBS 


- 

- 

5 

ns 

Address Access Time j 

Iaa 


i 

7 

10 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

x i ivs a — 2ns 

6 

4.5 


ns 

Data Setup Time 

t WSD 


2 

0 


ns 

Data Hold Time 

tWHD 


2 

0 

- 

ns 

Address Setup Time 

twSA 

tw^ns 

2 

0 

- 

ns 

Address Hold Time 

tWHA 


2 

0 

: 

ns 

Block Select Setup Time 

tWSBS 


2 

0 

: 

ns 

Block Select Hold Time 

tWHBS 


2 

0 

- 

ns 

Write Disable Time 

Iws 


- 


~T~ 1 

ns 

Write Recovery Time 

tWR 


- 

4.5 

9 

ns 


3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Rise Time 

tr 


- 

2 

- 

ns 

Output Fall Time 

1} 


i 

2 

- 

ns 


4. CAPACITANCE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

C„ 


- 

4 | 

- j 

pF 

Output Capacitance 

Co uf 


- 

7 

- 

pF 
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HM1 00422, HM1 00422F,HM1 00422CC 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 


Test Circuit 



3. READ MODE 



2. INPUT PULSE 




tr- l/-2.0n* typ 



4. WRITE MODE 
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HM100470.H Ml 00470-1 6 


4096-wordxi-bit Fully Decoded Random Access Memory 
The HM 100470 is a 4096-words x 1-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM1 00470 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-18pin 
package, compatible with Fairchild's FI 00470. 

■ FEATURES 

• 4096-word x 1-bit organization 

• Full compatible with 100K ECL level 

• Address access time: HM100470 25ns(max) 





HM 100470-1 5 15ns(max) BPIN ARRANGEMENT 


• Write pulse width: HM100470 25ns (min) 

HM 100470- 15 15ns (min) 

• Output obtainable by wired-OR (open emitter) 

■ TRUTH TABLE 


Input ] 



CS 

WE 

Din 



H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “ 1 ” 

L 

H 

x 

Dout * 

Read 


Notes) X : Irrelevant 

* I Read Out Nonivert 



■ BLOCK DIAGRAM 


(Top View) 



■ ABSOLUTE MAXIMUM RATINGS (7a=25°C ) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+0.5 to -7.0 

V 

Input Voltage 

V.n 

+0.5 to Vee 

V 

Output Current 

I out 

i -30 

mA 

Storage Temperature 

T.t. 

-65 to +150 

°C 

Storage Temperature 

Tatgi. Bias)* 

-55 to +125 

’C 

* Under Bias 
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HM1 00470, HM1 00470-1 5 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vce 4.5V, fii-500 to -2.0V, To-0 to 4-85'C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

min(B) 

typ 

max (A) 

Unit 

Output Voltage 

VoH 

Vi» — VlHA or VlLB 

-1025 

-955 

-880 

mV 

Voi 

-1810 

-1715 

-1620 

mV 

Output Threshold Voltage 

V OHC 

Vi»—Vihb or Vila 

-1035 

- 

- 

mV 

VoLC 

- 

- 

-1610 

mV 

Input Voltage 

V,H 

Guaranteed Input Voltage 

-1165 


-880 

mV 

VlL 

High/Low for All Inputs 

-1810 

- 

-1475 

mV 


ItH 

Vi .-Visa 

- 

- 

220 

M 

Input Current 

hi 

Vi*~ VlLB 

CS 

0.5 

- 

170 

ma 


Others 

-50 

- 

- 

Supply Current 

Iee 

All Inputs and Outputs Open 

-200 

-165 

— 

mA 


• AC CHARACTERISTICS (Vee 4.5V ±5%, Ta-0 to +85”C, air flow exceeding 2m/sec) 

1. READ MODE 


Item 

Symbol 

Test Condition 

HM100470-15 

HM100470 


min 

typ 

max 

min 

typ 

max 


Chip Select Access Time 

tACS 


- 

- 

8 

- 

- 

10 

ns 

Chip Select Recovery Time 

t RCS 


- 

- 

8 

- 

- 

10 

ns 

Address Access Time 

t AA 


- 

- 

15 


- 

25 

ns 


2. WRITE MODE 



Symbol 


HM 100470- 15 

HM100470 

Unit 



min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

tw 

t wsa — 3ns 

15 

- 

- 

25 

- 


ns 

Data Setup Time 

l WSD 


2 

- 

- 

2 

- 

- 

ns 

Data Hold Time 

t WHD 


2 

- 

- 

2 

- 

- 

ns 

Address Setup Time 

t WSA 

t w-'twmin 

3 

- 

- 

3 

- 

- 

ns 

Address Hold Time 

t WHA 


2 

- 

- 

2 



ns 

Chip Select Setup Time 

twscs 


2 

- 

- 

2 

- 

- 

ns 

Chip Select Hold Time 

twHCS 


2 

- 

- 

2 

- 

- 

ns 

Write Disable Time 

t 


- 

- 

8 

- 

- 

10 

ns 

Write Recovery Time 

t WR 


- 

- 

8 

- 

- 

10 

ns 


3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Rise Time 

tr 


-• 

2 

- 

ns 

Output Fall Time 

t / 


- 

2 

- 

ns 


4. CAPACITANCE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

Cin 


- 

3 

- 

pF 

Output Capacitance 

Cowl 


- 

5 

- 

pF 
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HM1 00470, HM1 00470- 1 5 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 

T est Circuit 



3. READ MODE 







H M 1 00474, H Ml 00474-1 5 
HM1 00474F, HM1 00474F-1 5 


1024-wordx 4-bit Fully Decoded Random Access Memory 


The HM 100474 is a 1024-words x 4-bit, read/write, random access 
memory developed for high speed systems such as scratch pads and 
control/buffer storages. 

The fabrication process is the Hitachi's low capacitance, oxide 
isolation method with double metal ization. 

The HM100474 is compatible with the HD100K ECL families and 
includes on-chip voltage and temperature compensation for im- 
proved noise margin. This device is encapsulated in cerdip-24*pin and 
flat 24pin package, compatible with Fairchild's F 100474. 

■ FEATURES 

• 1024-word x 4-bit organization 

• Fully compatible with 100K ECL level 

• Address access time: HM100474/F 25ns(max) 

HM100474/F-15 15ns(max) 

• Write pulse width: HM100474/F 25ns(min) 

HM100474/F-15 15ns(min) 

• Output obtainble by wired-OR (open emitter) 


■ TRUTH 

TABLE 




Input | 



cs 

WE 

Din 



H 

X 

X 

1 L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

H 

L 

Write “ 1 ” 

L 

H 

X 

Dout* 

Read 


Notes) * ! Irrelevant 


* : Read Out Nonivert 



■ ABSOLUTE MAXIMUM RATINGS (To— 25’C ) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+0.5 to -7.0 

V 

Input Voltage 

V,n 

+ 0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

T,t, 

-65 to +150 

’C 

Storage Temperature 

7\«*(Bias)* 

-55 to +125 

# C 


* Under Bias 



■ PIN ARRANGEMENT 



• HM100474F, HM100474F-15 



UOi DOi Vcc Vcca DOj DO. 


(Top View) 391 
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HM1 00474, HM1 00474-1 5, HM1 00474F.HM1 00474F- 15 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS {Vee = — 4.5V, i?L = 50O to —2.0V, 7a = 0 to -f-85°C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

m in(B) 

typ 

max (A) 

Unit 

Output Voltage 

V OH 

Vm^VlHA or VlLB 

-1025 

-955 

-880 

mV 

VOL 

-1810 

- 1715 

-1620 

mV 

Output Threshold Voltage 

VoHC 

Vihb or Vila 

-1035 

- 

- 

mV 

VOLC 

- 

- 

-1610 

mV 

Input Voltage 

VlH 

Guaranteed Input Voltage 

-1165 

- 

-880 

mV 

VlL 

High/Low for All Inputs 

-1810 

- 

-1475 

mV 


llH 

Vin~VlHA 

- 

- 

220 

M 

Input Current 

IlL 

V tn “ VlLB 

cs 

0.5 

- 

170 

M 


Others 

-50 

- 

- 

Supply Current 

iEE 

All Inputs and Outputs Open 

-200 

-165 

- 

mA 


• AC CHARACTERISTICS {Vee = — 4 . 5V ±5%, 7a = 0 to +85°C, air flow exceeding 2m/sec) 

1. READ MODE 


Item 

Symbol 

Test Condition 

HM100474/F-15 

HM100474/F 

Unit 

min 

typ 

max 

min 

typ 

max 

Chip Select Access Time 

t ACS 


- 

- 

8 

- 

- 

10 

ns 

Chip Select Recovery Time 

t RCS 


- 

- 

8 

- 

- 

10 

ns 

Address Access Time 

tAA 


- 

- 

15 

- 

15 

25 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

HM100474/F-15 

HM100474/F 

Unit 

min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

tw 

t tvs>t = 3ns 

15 

- 

- 

25 

15 

- 

ns 

Data Setup Time 

t WSD 


2 

- 

- 

2 

- 

- 

ns 

Data Hold Time 

t WHO 


2 

- 

- 

2 

- 

- 

ns 

Address Setup Time 

t WS/4 

t w— twmin 

3 

- 

- 

3 

- 

- 

ns 

Address Hold Time 

t WHA 


2 

- 

- 

2 

- 

- 

ns 

Chip Select Setup Time 

t WSCS 


2 

- 

- 

2 

- 

- 

ns 

Chip Select Hold Time 

t WHCS 


2 

- 

- 

2 

- 

- 

ns 

Write Disable Time 

t WS 


- 

- 

8 

- 

- 

10 

ns 

Write Recovery Time 

t WR 


- 

- 

8 

- 

- 

10 

ns 


3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Rise Time 

tr 


- 

2 

- 

ns 

Output Fall Time 

ti 


- 

2 

- 

ns 


4. CAPACITANCE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Input Capacitance 

C.„ 


- 

4 

- 

PF 

Output Capacitance 

Cou, 



7 

- 

pF 
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HM1 00474, HM1 00474- 1 5,HM1 00474F,HM1 00474F- 1 5 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 



ADDRESS ACCESS TIME 
vs. AMBIENT TEMPERATURE 



















_ . 










Vee = 

* -4.50V 









-20 0 20 40 60 80 100 

Ambient Temperature Ta (’C) 


ADDRESS ACCESS TIME 
vs. SUPPLY VOLTAGE 






























To=25*C 









-4.95 -4.50 -4.05 

Supply Voltage Vee (V) 


CHIP SELECT ACCESS TIME 
vs. AMBIENT TEMPERATURE 


CHIP SELECT ACCESS TIME 
vs. SUPPLY VOLTAGE 





































Ta= 25’C 









-4.95 -4.50 -4.05 


Supply Voltage Vee (V) 
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HM1 00474, HM1 00474- 1 5.HM1 00474F.HM1 00474F-1 5 


WRITE PULSE WIDTH vs. 
AMBIENT TEMPERATURE 




















— 











V££ = j 

.50V 








Ol 1 I I I L I 

-20 0 20 40 60 80 100 

Ambient Temperature Ta (*C) 


WRITE PULSE WIDTH vs. 
SUPPLY VOLTAGE 





























T 

i=25*C 









-4.95 -4.50 -4.05 

Supply Voltage Vee (V) 


* 20 



£ 
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HM100480, HM100480F 


16,384-words xl -bit Fully Decoded Random Access Memory 


The HM 100480 is ECL 100K compatible, 16,384-words x 1-bit, 
read/write random access memory developed for high speed 
systems such as scratch pads and control/buffer storages. 

The fabrication process uses the Hitachi's low capacitance, oxide 
isolation method with double metalization. 

The HM1 00480 is encapsulated in cerdip-20 pin and flat-20 pin 
package, compatible with Fairchild's 100480. 


■ FEATURES 

• 16,384-words x 1 -bit organization 

• Fully compatible with 100K ECL level 

• Address access time: 25ns (max) 

• Write pulse width: 25ns (min) 

• Low power dissipation: 0.05mW/bit 

• Output obtainable by wired-OR (open emitter) 


■ TRUTH TABLE 


Input 

Output 

Mode 

CS 

WE 

Din 

H 

X 

X 

L 

Not Selected 

L 

L 

L 

L 

Write “0” 

L 

L 

. H 

L 

Write T 

L 

H 

X 

Dout* 

Read 


Notes) X : irrelevant 

* '■ Read Out Noninvert 


■ BLOCK DIAGRAM 



HM 100480 



(DG-20) 

HM100480F 



(FG-20) 


■PIN ARRANGEMENT 


Dout [T 


j~20*| Vet 

A ° E 


77] Din 

Ai E 


TiTJcS 

Aijr 


77] we 

As E 


TT] A« 

Ai [T 


3*. 

As E 


3 a.. 

As E 


3 Ai. 

a? E 


3 A. 

Vu Qo 


3 a. 


(Top View) 


■ ABSOLUTE MAXIMUM RATINGS ( To- 25*0 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Kcc 

4-0.5 to —7.0 

V 

Input Voltage 

V in 

4-0.5 to Vee 

V 

Output Current 

lout 

-30 

tnA 

Storage Temperature 

Tot, 

-65 to 4-150 

*C 

Storage TeihfierAture 

T,i ff (Bias)* 

-55 to 4-125 

'C 


4 Under Bias 
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HM 100480, HM100480F 


■ ABSOLUTE MAXIMUM RATINGS (r a =25°C) 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vee to Vcc 

+ 0.5 to -7.0 

V 

Input Voltage 

v„ 

+ 0.5 to Vee 

V 

Output Current 

lout 

-30 

mA 

Storage Temperature 

Tot. 

-65 to +150 

•c 

Storage Temperature 

T.t.( Bias)* 

— 55 to +125 

°C 


* Under Bias 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS(Ve£—— 4.5V, fi t -50n to -2.0V, Ta-0 to +85°C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

min(B) 

typ 

max(A) 

Unit 

Output Voltage 

Voh 

I 

Vin—VmA or Vi lb 

-1025 

-955 

-880 

mV 

Voi 

-1810 ' 

-1715 

-1620 

mV 

Output Threshold Voltage 

VoHC 

V<a=“ Vihb or Vila 

-1035 

- 

- 

mV 

Vote 

- 

- 

-1610 

mV 

Input Voltage 

V'H 

Guaranteed Input Voltage 

-1165 

- 

-880 

mV 

V IL 

High/ Low for All Input 

-1810 

- 

-1475 

mV 


hH 

V..= V,HA 

- 

- 

220 

M 

Input Current 

IlL 

Via = V, LB 

CS 

0.5 

- 

170 

M 


Others 

-50 

- 

- 

Supply Current 

Iee 

All Inputs and Outputs Open 

-200 

-165 

- 

mA 


• AC CHARACTERISTICS (V E£ =-4.5V±5%, Ta - 0 to +85'C, air flow exceeding 2m/sec) 
1. READ MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Chip Select Access Time 

tACS 


2 

- 

10 

ns 

Chip Select Recovery Time 

tRCS 


2 

- 

10 

ns 

Address Access Time 

Iaa 


3 

- 

25 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Write Pulse Width 

tw 

t wsa — 5 ns 

25 

- 

- 

ns 

Data Setup Time 

twSD 


5 

- 

- 

ns 

Data Hold Time 

twHD 


5 

- 

- 

ns 

Address Setup Time 

twSA 

tw— tw min 

5 

- 

- 

ns 

Address Hold Time 

twHA 


5 

- 

- 

ns 

Chip Select Setup Time 

twscs 


5 

- 

- 

ns 

Chip Select Hold Time 

t WHCS 


- 

- 

5 

ns 

Write Disable Time 

tws 


- 

- 

10 

ns 

Write Recovery Time 

twR 


- 

- 

10 

ns 
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HM 100480, HM100480F 

3. RISE/FALL TIME 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Rise Time 

tr 


- 

2 

- 

ns 

Output Fall Time 

tj 


- 

2 

- 

ns 


4. CAPACITANCE 


Test Condition 


Input Capacitance 


Output Capacitance 


typ max Unit 

F 













HM2504, HM2S04-1 


256- word x 1 -bit Fully Decoded Random Access Memory 
The HM2504 Series item is a TTL compatible, 256-word x 1-bit, 
read/write random access memory developed for application to 
buffer memories, control memories, high-speed main memories, etc. 

This is a fully decoded, read/write random access memory perfectly 
compatible with the TTL logic family, designed as an open collector 
output type for simplicity of expansion. 

• Level TTL compatible 

• Construction 256-word x 1 bit 

• Read access time HM2504: 55ns (max) 

HM2504-1: 45ns (max.) 

• Chip select access time 30ns (max.) 

• Power consumption 1 ,8mW/bit (typ) 

• Output Open collector 



■ TRUTH TABLE 


Inputs 

Output 

Open 

Collector 


CS 

WE 

Din 


any one 

H 

X 

X 

H 

Not Selected 

all 

L 

L 

L 

H 

Write “0” 

all 

L 

L 

H 

H 

Write “1” 

all 

L 

H 

X 

Dout* 

Read 


Notes) X : Don’t care 

* Read out inverted 


■ BLOCK DIAGRAM 



■ PIN ARRANGEMENT 


a.g: 


Ts] i fee 



17] A, 

CS| Gl 


TTJ a, 

cs, (T 


ZD Uin 

cs, [T 


ZD ^ 

Dout | 6 


ZD At 

„[7 


17] A, 

CND [T 


3 a ‘ 


(Top View) 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

HM2504, HM2504-1 

Unit 

Supply Voltage. 

• Vcc 

-0.5 to 4-7.0 

V 

Input Voltage 

Vi, 

-0.5 to 4-5.5 

V 

Input Current 

L, 

-12 to 4-5.0 

mA 

Output Voltage (Output High) 

V»t 

-0.5 to 4-5.5 

V 

Output Voltage (DC Output Low) 

lout 

4-20 

mA 

Storage Temperature 

T,i$ 

-65 to 4-150 

•c 

Storage Temperature 

T.„( Bias)* 

-55 to 4125 

e C 


* Under Bias 
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HM2504, HM2504-1 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Vcc-B.OV ±5%, Ta-Q to 4-75 # C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 


HM2504 Seri 

ies 


min 

typ 

max 

uni t 

Output Voltage 

Vol 

Vcc — 4.75V, Jot — 16mA 


0.3 

0.45 

V 

Input Voltage 

VlH 

Guaranteed Input Voltage High 

2.0 

1.6 

- 

V 

Vn. 

Guaranteed Input Voltage Low 

- 

1.5 

0.85 

V 

Input Current 

llH 

Vcc-5.25V, V,„-4.5V 

- 

0 

20 

M 

III 

Vcc-5.25V, V.n-0 


-530 

-800 

M 

Output Leakage Current 

IcEX 

Vcc — 5.25V, Voui — 4.5V 


0 

50 

M 

Input Clamp Voltage 

V, 

Vcc-5.25V, L,-~10mA 

- 

-1.0 

-1.5 

V 

Supply Current 

Icc 

Vcc — 5.25V 

0< Ta <25’C 

- 

- 

135 

mA 

All input GND 

Ta S 25*C 

- 

- 

130 

mA 


• AC CHARACTERISTICS 

(Vcc*"5.0V ±5%, Ta—0 to 4-75°C t air flow exceeding 2m/s, see test circuit and waveforms) 
1 . READ MODE 


Item 

Symbol 

Test Condition 

HM2504 | 

HM2504-1 

Unit 

min 

typ 

max 

min 

typ 

max 




Chip Select Access Time 

/ ACS 


- 

12 

30 

- 

12 

30 

ns 

Chip Select Recovery Time 

msm 


- 



- 


25 

ns 

Address Access Time 

t*A 


~ 

35 

55 

- 

30 

45 

ns 


2. WRITE MODE 



Symbol 

Test Condition 

HM2504 

HM 2504-1 

Unit 

item 

min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

tw 

tws a ""'Ons 

30 

8 

- 

30 

8 


ns 

Data Setup Time 

tWSD 


0 

0 

- 

0 

0 

- 

ns 

Data Hold Time 



5 

0 

- 

5 

0 


ns 

Address Setup Time 

tWSA 

t»"**30ns 

0 

0 


0 

0 

- 

ns 

Address Hold Time 

tWHA 


5 

0 


5 

0 


ns 

Chip Select Setup Time 

twscs 


0 

0 


0 

0 


ns 

Chip Select Hold Time 

tWHCS 


5 

0 

- 

5 

0 

- 

ns 

Write Disable Time 

tws 


- 

14 

35 

- 

14 

35 

ns 

Write Recovery Time 

tWR 





- 



ns 

3. CAPACITANCE 

Item 

Symbol 

Test Condition 

HM2504 

HM2504-1 


min 

typ 

max 

min 

typ 

max 


Input Capacitance 

Cm 


- 

3 

5 

- 

3 

5 

pF 

Output Capacitance 

Cout 


- 

6 

oo 


6 

8 

pF 
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HM2504, HM2504-1 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 2. INPUT PULSE 



Note:Ct includes jig and stray capacitance 


3. READ MODE 



(All time measurements refer to 1.5V) 


4. WRITE MODE 







Supply Current Iee (mA) Supply Current lee (mA) 


HM2504, HM2504-1 


INPUT CHARACTERISTICS 



OUTPUT CHARACTERISTICS 



Output Voltage V.«i (V) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
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HM2S10, HM2510-1, 
HM2S10-2 


1024-wordxi-bit Fully Decoded Random Access Memory 
The HM2510 Series item is a 1024-word x 1-bit read/write random 
access memory developed for application to buffer memories, 
control memories, high-speed main memories, etc. It is a fully 
decoded, read write, random access memory perfectly compatible 
with TTL logic families, designed as an open collector output type 
for simplcity of expansion. 

• Level TTL compatible 

• Construction 1024-word x 1 bit 

• Read access time HM2510: 70ns (max.) 

HM2510-1: 45ns (max) 

HM2510-2: 35ns (max.) 

• Chip select access time HM2510: 40ns (max.) 

HM2510-1: 30ns (max.) 

HM2510-2: 25ns (max.) 

• Power consumption 0.5mW/bit SPIN ARRANGEMENT 



• Output Open collector 


■ TRUTH TABLE 


Inputs 


1 

CS 

WE 

Din 

Output 

Mode 

H 

X 

X 

H 

Not Selected 

L 

L 

.. 

L 

H 

Write “0” 

L 

L 

H 

H 

Write “ 1 ” 

L 

H 

X 

Dout* 

Read 


Notes) X ! Don’t care 



(Top View) 


* : Read out non- inverted 


■ BLOCK DIAGRAM 



As A 6 A 7 Ai A9 


0 HITACHI 


403 






HM2510, HM2510-1, HM2510-2 

■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

HM2510 Series 

Unit 

Supply Voltage • 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V.n 

-0.5 to +5.5 

V 

Input Current 

Ln 

-12 to +5.0 

mA 

Output Voltage (Output High) 

Vo„ 

-0.5 to +5.5 

V 

Output Voltage (DC Output Low) 

L„ 

+ 20 

mA 

Storage Temperature 

T„ t 

—65 to +150 

# C 

Storage Temperature 

7*,* (Bias)* 

-55 to +125 

°C 


* Under Bias 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (V'cc = 5.0V ±5%, Ta = 0 to +75‘C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

HM2510 Series 

Unit 

min 

typ 

max 

Output Voltage 

VOL 

Vcc = 4.75V, lot- 16mA 

- 

0.3 

0.45 

V 

Input Voltage 

VtH 

Guaranteed Input Voltage High 

2.1 

1.6 

- 

V 

V,L 

Guaranteed Input Voltage Low 

- 

1.5 

0.80 

V 

Input Current 

I, HI 

Vcc — 5.25V, V,n = 4.5V 

- 

0 

40 

M 

I IH 2 

Vcc — 5 .25V, V, « “5.25V 

- 

0 

1.0 

mA 

1 1 L 

Vcc“5.25V, V.n ==0.4V 

- 

-250 

-400 

M 

Output Leakage Current 

ICEX 

Vcc “5. 25V, Vo., = 4.5V 

- 

0 

100 

M 

Input Clamp Voltage 

V, 

Vcc“5.25V, J,n“ — 10mA 

- 

-1.1 

-1.5 

V 

Supply Current 

lee 

Vcc = 5.25V 

All input GND 

0< Ta<25“C 

- 

- 

155 

mA 

7a^25°C 

- 

95 

130 

mA 


• AC CHARACTERISTICS (Vcc — 5.0V ±5%, Ta-0 to +75‘C, air flow exceeding 2m/sec) 
1. READ MODE 


Item 

Symbol 

Test Condition 

HM2510 

HM2510-1 

HM2510-2 

Unit 

min 

! 

typ 

max 

min 

typ 

max 

min 

typ 

max 

Chip Select Access Time 

tACS 


- 

15 

40 

- 

- 

30 

~ 

15 

25 

ns 

Chip Select Recovery Time 

t RCS 


- 

25 

40 

- 

- 

30 

- 

17 

25 

ns 

Address Access Time 

t AA 


- 

40 

i 

70 

: 

35 

45 

- 

25 

35 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

HM2510 

HM2510- 

1 

HM2510-2 

Unit 

min 

typ 

max 

min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

tw 

twsA “min 

50 

10 

- 

35 

10 

- 

25 

10 

- 

ns 

Data Setup Time 

tWSD 


5 

0 

- 

5 

- 

- 

5 

0 

- 

ns 

Data Hold Time 

tWHD 


5 

0 

- 

5 

- 

- 

5 

0 

- 

ns 

Address Setup Time 

twSA 

iw = min 

15 

0 

- 

5 

- 

- 

5 

0 

- 

ns 

Address Hold Time 

tWHA 


5 

0 

- 

5 

- 

- 

5 

0 

- 

ns 

Chip Select Setup Time 

twscs 


5 

0 

- 

5 

- 

- 

5 

0 

- 

ns 

Chip Select Hold Time' 

tWHCS 


5 

0 

- 

5 

- 

- 

5 

0 

- 

ns 

Write Disable Time 

tws 


- 

20 

40 

- 

20 

35 

- 

15 

25 

ns 

Write Recovery Time 

twR 


- 

30 

55 

- 

30 

45 

- 

15 

25 

ns 
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Supply Current Ice (mA) Supply Current Ice (mA) 


HM2510, HM2510-1, HM2510-2 


INPUT CHARACTERISTICS 



p 

■ 


B 

M 

■ 






II 

g 





■1 

III 

a 

-'la -- 101 

-25 

*C 



■ 





III 

■ 



B 

5.00 V 


M[ LUJ 1 I 1 1 1 

-2 0 2 4 6 8 10 


Input Voltage V,. (V) 



0 0.1 0.2 0.3 0.4 0.5 0.6 

Output Voltage V„i (V) 


SUPPLY CURRENT vs. 
AMBIENT TEMPERATURE 



-20 0 20 40 60 80 100 

Ambient Temperature Ta (*C) 


ADDRESS ACCESS TIME vs. 
AMBIENT TEMPERATURE 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
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HM2511, HM2511-1 


1024-wordxi-bit Fully Decoded Random Access Memory 
The HM2511 Series item is a 1024-word x 1-bit read/write random 
access memory with three-state output developed for application to 
buffer memories, control memories, high-speed main memories, etc. 

It is a fully decoded, read/write, random access memory perfectly 
compatible with TTL logic families. 


Level TTL compatible 

Construction 1024-word x 1 bit 

Read access time HM2511: 70ns (max) 

HM2511-1: 45ns (max) 

Chip select access time HM2511: 40ns (max) 

HM2511-1: 30ns (max) 

Power consumption 0.6mW/bit 

Output three-state 



■ PIN arrangement 


■ TRUTH TABLE 


Input 

Output 


CS 

WE 

Din 


H 

X 

X 

High Z 

Not Selected 

L 

L 

L 

High Z 

Write “0" 

L 

L 

H 

High Z 

Write “1" 

L 

H 

X 

Dout* 

Read 


Notes) X : Don’t care 

* Read out noninverted 


■ BLOCK DIAGRAM 



cs (T 


77] Vcc 



7s] Din 

a * Gl 


77] WE 

A, (T 


77] A, 



77] a, 

A* [T 


ID A - 

D°ut J 7 


73] A, 

CND [T 


3 A> 


(Top View) 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

HM2511 Series 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

Vin 

-0.5 to +5.5 

V 

Input Current 

lin 

-12 to +5.0 

mA 

Output Voltage (Output High) 

V.., 

-0.5 to +5.5 

V 

Output Voltage (DC Output Low) 


+ 20 

mA 

Storage Temperature 

T.„ 

-65 to +150 

*C 

Storage Temperature 

Te»* (Bias)* 

-55 to +125 

•c 


* Under Bias 
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HM2511, HM2511-1 


■ ELECTRICAL CHARACTERISTICS 

• DC CHARACTERISTICS (Fcc = 5.0V ±5%, To- 0 to +75°C, air flow exceeding 2m/sec) 


Item 

Symbol 

Test Condition 

HM2511 Series 

Unit 

min 

typ 

max 

Output Low Voltage 

VOL 

Vcc“4.75V, Jot- 16mA 

- 

0.3 

0.45 

V 

Input Voltage 

VlH 

Guaranteed Input Voltage High 

2.1 

1.6 

- 

V 

VlL 

Guaranteed Input Voltage Low 

- 

1.5 

0.8 

V 

Input Current 

IlHl 

Vcc“5.25V, V,, “4.5V 

- 

0 

40 

M 

I IH 2 

Vcc“5.25V, V,„ “5.25 V 

- 

0 

1.0 

mA 

lit 

Vcc = 5.25V, V,n“0.4V 

- 

-250 

-400 

M 

Output Current (High Z) 

I OFF 1 

Vcc“5.25V, V«i”2.4V 

- 

- 

50 

M 

IoFF 2 

Vcc“5.25V, Vo.«“0.5V 

- 

- 

-50 

M 

Output Current Short Circuit to Ground 

Ios 

Vcc“5.25V, 

- 

- 

-100 

mA 

Output High Voltage 

V OH 

I oh “ — 10.3mA, Vcc“5.0V ±5% 

2.4 

- 

- 

V 

Input Clamp Voltage 

V, 

Vcc“ 5.25V, — 10mA 

- 

-1.0 

-1.5 

V 

Supply Current 

Icc 

Vcc“ 5.25 V 

All input GND 

0^ra<25*C 

- 

- | 

155 

mA 

Ta^ 25’C 

- 

95 

130 

mA 


• AC CHARACTERISTICS (Kcc = 5.0V ±5%, 7a = 0 to +75°C, air flow exceeding 2m/sec) 

1. READ MODE 


Item 

Symbol 

Test Condition 

HM2511 

HM2511-: 

l 

Unit 

min 

typ 

max 

min 

typ 

max 

Chip Select Access Time 

tACS 


- 

15 

40 

- 

- 

30 

ns 

Chip Select to High Z 

tZRCS 


- 

20 

40 

- 

- 

30 

ns 

Address Access Time 

t A A 


- 

40 

70 

- 

35 

45 

ns 


2. WRITE MODE 


Item 

Symbol 

Test Condition 

HM2511 

HM2511-1 

Unit 

min 

typ 

max 

min 

typ 

max 

Write Pulse Width 

tw 

t v/sa “min 

50 

25 

- 

35 

10 

- 

ns 

Data Setup Time 

twSD 


5 

0 

- 

5 

- 

- 

ns 

Data Hold Time 

tWHD 


5 

0 

- 

5 

- 

- 

ns 

Address Setup Time 

twSA 

tw = min 

15 

0 

- 

5 

- 

- 

ns 

Address Hold Time 

tWHA 


5 

0 

- 

5 

- 

- 

ns 

Chip Select Setup Time 

twscs 


5 

0 

- 

5 

- 

- 

ns 

Chip Select Hold Time 

tWHCS 


5 

0 

- 

5 

- 

- 

ns 

Write Disable to High Z 

tzws 


- 

20 

40 

- 

20 

35 

ns 

Write Recovery Time 

twR 


- 

42 

55 

- 

30 

45 

ns 


3. CAPACITANCE 


Item 

Symbol 

Test Condition 

HM2511 Series 

Unit 

min 

typ 

max 

Input Capacitance 

C»# 


- 

3 

5 

pF 

Output Capacitance 

Co,, 


- 

9 

11 

pF 
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HM2511, HM2511-1 


■ TEST CIRCUIT AND WAVEFORMS 

1. LOADING CONDITION 



Load A Load fl 


?. INPUT PULSE 



3. READ MODE 




Dout 
Load A 


Dout 
Load B 


HICH 2 


HICH Z 


tAC: 


\ 

7 



(All time measurements refer to 1.5V) 


4. WRITE MODE 



(All time measurements refer to 1.5V) 


5. WRITE ENABLE TO HIGH Z DELAY 



Dout T 




HM2511 

S T S P p 

Dout 

“0" Level 

-7 


j200Q| 


"1" Level 



4- Dout "H 


I}0.5V 
Z} 0.5V 


High Z 


High Z 


6. PROPAGATION DELAY FROM 
CHIP SELECT TO HIGH Z 


7 

^1.5V 


"0" Level 

■~-lzncs—~ 

, r H.gT Z 


1 10.5 V 

"f Level 

>0.5V 



(All tzxxx parameters are measured 
at a delta of 0.5V from the logic level 
and using Load C ) 
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BIPOLAR PROM 
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■ PROGRAMMING INFORMATION 

Hitachi's sophisticated Fine Emitter technology and programming 
pulse method enables higher programmability and faster program- 
ming time ordinary PROMs, for the highest reliability. 

Fast programming time of typically 7. 5 jus/bit is achieved with a fine 
emitter cell which requires less programming energy; thus, negligible 
thermal stress. Further, Hitachi advanced technology allows very 
high programmability. 

To assure that the element is programmed properly an additional 
four programming pulses are applied immediately after a sense pulse 
indicates conduction in the programmed (one programming pulse: 
Series) bit. This high reliability feature virtually eliminates aluminum 
migration in the programmed cell. 

One extra row and one extra column of test cells, plus additional 
circuitry built into the PROM chip, allow improved factory testing 
of DC, AC and programming characteristics. These test cells and test 
circuitry provide enhanced correlation between programmed and 
unprogrammed circuits in order to guarantee high programmability 
and eliability. 

PROGRAMMED CELL (CROSS SECTION) 


Aluminum 



N(Emitter 


The device is manufactured with outputs low (positive logic "zero") 
in all storage cells. To make an output high at a particular cell, a 
junction must be changed from a blocking state to a conducting 
state. This procedure is called programming. 

A logic "one" can be permanently programmed into a selected bit 
location. The desired bit for programming is selected using ten 
address inputs to turn on transistors Q1 and Q2. By taking either (or 
both) chip enable inputs high, the chip is disabled and transistor Q3 
is held off. Then, a train of programming pulses applied to the 
desired output flows through the junction into transistor Q1 . This 
programming current changes the junction to the conducting state. 
The pulse train is stopped as soon as the sensed voltage indicates that 
the selected bit is in the logic in state. 

An additional 4 programming pulses (1 programming pulse: S-series) 
are required to ensure that the bit is fully programmed, and to 
achieve high reliability. One output must be programmed at a time, 
since the internal decording circuit is capable of sinking only one 
unit of programming current at time. 

INTERNAL PROGRAMMING CIRCUIT 


V~address.es) 


X -add reuses 


Y-addresses 


Chip Enables 



412 


0 HITACHI 



■HITACHI PROMS AND PROGRAMMING CURRENT 


Memory Size 

Organization 

Output 

N-Series 

S-Series 



O.C. 

HN25044 (50ns max) 

- 


IK a 4 

3 S 

HN25045 (50ns max) 

- 



O.C. 

HN25084 (60ns max) 

HN25084S(50ns max) 



3 S 

HN25085 (60ns max) 

HN25085S(50ns max) 

8k 

lkx8 

O.C. 

HN25088 (60ns max) 

HN25088L( 100ns max) 

HN25088S(50ns max) 


3 S 

HN25089 (60ns max) 

HN25089L( 100ns max) 

HN25089S(50ns max) 

1^1, 

OLv 0 

O.C. 

- 

HN25168S(60ns max) 

10K 

4KA0 

3 S 


HN25169S(60nS max) 

Programming Current 

130mA(typ) 

90mA(typ) 


Note) O.C. : Open Collector Output 
3 S : Three State Output 


Hitachi's PROM has two families in accordance with the program 
specifications. They are usually discriminated by the suffix of the 
model name. For the S-series PROM, the production technique 
established for the N-series PROM is further improved to attain very 
small memory cell area and chip area as well as high performance. 
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HN2S044, HN2504S 


1024-wordx4-bit Programmable Read Only Memory 
The HITACHI HN25044 and HN25045 are high speed electrically 
programmable, fully decoded TTL Bipolar 4096 bit read only 
memories organized at 1024 words by 4 bits with on-chip address 
decoding and two chip enable inputs. The HN25044 and HN25045 
are fabricated with logic level "zeros" (low); logic level "ones" 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both programming and reading. 


■ FEATURES 

• 1024 words x 4 bits organization (fully decoded) 

• TTL Compatible inputs and outputs 

• Fast read access time; 30 ns typ. (50 ns max.) 

• Medium power consumption; 500 mW typ. 

• Two Chip enable inputs for memory expansion 

• Open collector outputs (HN25044)/Three-state outputs 
(HN25045) 

• Standard cerdip 18-pin package 


I BLOCK DIAGRAM 


4096 Bit 

| 

Multiplexer 

- 

Output Buffer 

(64X64) 


n"iTTni" J 



• 

• 

• 

Multiplexer 

- 

Output Buffer 

Memory Cell 


"TTTTTnr 



Array 


Multiplexer 

- 

Output Buffer 



'ii s i m i" 




• 

• 

• 

Multiplexer 

— 

Output Buffer 


nun 


TUT 


Word Decoder 


Address 







Chip Enable 

Address Buffer 


Buffer 




ITT 

Ao Ai Ai Aj A< As As A? As A» CEi "5fl 



■ PIN ARRANGEMENT 



■ ABSOLUTE MAXIMUM RATINGS (70-25*0 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

Vin 

-0.5 to +5.5 

V 

Output Voltage 

Vou, 

-0.5 to +5.5 

V 

Output Current 


50 

mA 

Operating Temperature 

7V 

-25 to +75 

°C 

Storage Temperature 

T.is 

-65 to +150 

# C 
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HN25044, HN25045 


■ DC CHARACTERISTICS (Vcc-4. 75 to 5.25V, 7a = 0 to +75*0 


Item 

Symbol 

Test Condition 

HN 25044 

HN 25045 

Unit 

min 

typ 

max 

min 

typ 

max 

Input Voltage 

VlH 


2.0 

- 

- 

2.0 

- 

- 

V 

VlL 


- 

- 

0.8 

- 

- 

0.8 

V 

Output Voltage 

V OH 

Ioh — — 2mA 

- 

- 

- 

2.4 

- 

- 

V 

VOL 

/oc — 16mA 

- 

- 

0.45 

- 

- 

0.45 

V 

Input Current 

I IH 

Vih- 2.7V 

- 

- 

40 

- 

- 

40 

M 

hi 

Vil —0.4V 

- 

- 

-0.4 

- 

- 

-0.4 

mA 

Output Leakage Current 

loiK 

Vow -5.5V 

- 

- 

100 

- 

- 

100 

M 

V»w— 0.4 V 

- 

- 

40 

- 

- 

40 

Input Clamp Voltage 

V, 

L, — -18mA 

- 

- 

-1.2 

- 

- 

-1.2 

V 

Power Supply Current 

lee 

Input Either Open or at Ground 

- 

100 

130 

- 

100 

130 

mA 

Output Short-circuit Current 

tos 

> 

0 

1 

- 


- 

15 

30 

60 

mA 

Input Capacitance 

C,n 

V.„-2V, Vcc-OV 

- 

5 

■3 

- 

5 

10 

pF 

Output Capacitance 

C.W 

Vow — OV, Vcc-OV 

- 

7 

| 12 

- 

7 

12 

pF 


■ AC CHARACTERISTICS (Vcc=4. 75 to 5.25V, 7a = 0 to 75*0 


Item 

Symbol 

min 

typ 

max 

Unit 

Address Access Time 

t 44 

- 

35 

50 

ns 

Chip Enable Access Time 

Iace 

- 

20 

30 

ns 

Chip Enable Disable Time 

t DCE 

- 

20 

30 

ns 


■ SWITCHING WAVEFORMS 


Notes: 1. Typ. value is at Kcc+^.O V and 
T a - 25° C 

2. Output disable time is the time 
t?ken for the output to reach a 
high resistance state when either 
chip enable is taken high. Out- 
put enable time is the time 
taken for the output to become 
active when both chip enables 
are taken low. The high resist- 
ance state is defined as a point 
on the output waveform equal 
to a AK of 0.5 V from the 
active output level. 


Address 

Input 


Output 

or 


Output 


1 

-1.5V 

1.5V J 

^ 


— 144—* 


•<44— 



! 

^1.5V 

1.5^ 

L_ 


— -<44— | 


•<44— 


\ 

r 1.5 V 

1.5 Vi 

r 



■ SWITCHING TIME TEST CONDITIONS 




SWITCHING 

HN 25044 

HN 25045 

Vcc 

PARAMETER 

R\ 

R 2 

Cl 

R\ 

Rz 

Ci 

< 


Iaa 

30on 

6oon 

30pF 

3000 

6oon 

30pF 


\ ft 

tACE “ 1 ” 

- 

- 

- 

00 

6oon 

lOpF 

— 


t AC E “0” 

3000 

60on 

lOpF 

3000 

600Q 

10pF 


■ft 

/ DCE “ 1 ” 

- 

- 

- 

00 

6000 

30pF 

7 

7 

tDCE “0” 

300n 

60on 

30pF 

3000 

6000 

30pF 


INPUT CONDITIONS 


Amplitude - OV to 3 V 

Rise and Fall time - 5 ns from IV to 2 V 

Frequency - IMH2 
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HN2S044, HN25045 


■ PROGRAMMING SPECIFICATION 


Characteristic 

Limit 

Unit 

Notes 

Ambient Temperature 

25 ±5 

°C 


Programming Pulse 

Amplitude 

Clamp Voltage 

Ramp Rate 

Pulse Width 

Duty Cycle 

130±5% 
20+0% -2% 
70max 
7.5±5% 

70% min 

mA 

V 

V/jus 

MS 

10V point/150 f2 load 

Sense Current 

Amplitude 

Clamp Voltage 

Ramp Rate 

Sense current interruption before and after address change 

20±0.5 
20+0% -2% 
70max 
lOmin 

mA 

V 

V/ms 

MS 

10V point/150fl load 

Programming Vcc 

5.0+5% —0% 

V 


Maximum Sensed Voltage for programmed “1” 

7.5 + 0.1 

V 


Delay from trailing edge of programming pulse before sensing 
output voltage 

0.7min 

MS 


Programming Time Allocation/Bit 

lOOmax 

ms 




■ TYPICAL WAVEFORMS 
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Output Hight Current Ioh (mA> Input Current 1,h (mA) 


HN25044, HN25045 


■ TYPICAL DC CHARACTERISTICS 

INPUT CURRENT vs. 



-10 12 
Input Vo I tage Vm (V) 


OUTPUT HIGH CURRENT vs. 
OUTPUT HIGH VOLTAGE 
(HN25045) 



0 1 2 3 4 5 


Output High Voltage Voh (V) 

■ TYPICAL AC CHARACTERISTICS 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 
(HN25044) 



-25 0 +50 +100 


1 


OUTPUT LOW CURRENT vs. 
OUTPUT LOW VOLTAGE 











Vc 

=5.0V 





















o 


200 


400 


600 


Output Low Voltage Vol (mV) 


ACCESS TIME vs. 
AMBIENT TEMPERATURE 
(HN25045) 



-25 0 +50 +100 


Ambient Temperature, Ta (*C) 


0 HITACHI 


Ambient Temperature Ta (*C) 
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Enable Time tACE (ns) Disable Time Idce (ns) 


HN25044, HN25045 


DISABLE TIME vs. 
AMBIENT TEMPERATURE 
(HN25044) 



ENABLE TIME vs. 
AMBIENT TEMPERATURE 
(HN25044) 



-25 0 +50 +100 


Ambient Temperature Ta (’C) 


DELAY TIME INCREASE vs. 
LOAD CAPACITANCE 
(HN25044) 



0 100 200 300 


DISABLE TIME vs. 
AMBIENT TEMPERATURE 
(HN25045) 



ENABLE TIME vs. 
AMBIENT TEMPERATURE 
(HN25045) 



m 

■ 

■ 


m 

■ 






Vcc =4 

\ 

5V 



■ ■ 


BESSES 




\ 

s ri 

5.0V 




\ 

.5V 



-25 0 +50 +100 


Ambient Temperature Ta (*C) 


DELAY TIME INCREASE vs. 
LOAD CAPACITANCE 
(HN25045) 



0 100 200 300 


Load Capacitance Cl (pF) 


Load Capacitance Cl (pF) 
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HN25084, HN25088 


2048- word x 4-bit Programmable Read Only Memories 
The HITACHI HN25084 and HN25085 are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 2048 word by 4 bit with on-chip address 
decoding and one chip enable input. The HN25084 and HN25085 
are fabricated with logic level “zeros" (low); logic level “ones" 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both programming and reading. 

■ FEATURES 

• 2048 word x 4 bit organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 40 ns typ. (60 ns max) 

• Medium power consumption: 550 mW typ. 

• One chip enable input for memory expansion 

• Open collector outputs (HN25084)/Three-state outputs 
(HN25085) 

• Standard cerdip 18-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing OF to a logic “one“. Then a train of high 
current programming pulses is applied to the desired output. After 
the sensed voltage indicates that the selected bit is in the logic “one“ 
state, an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CF to a logic 
“zero". The outputs then correspond to the data programmed in the 
selected word. 



■ LOGIC DIAGRAM 
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HN25084, HN2508S 

■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Vpltage 

Vcc 

-0.5 to 4-7.0 

V 

Input Voltage 


-0.5 to +5.5 

V 

Output Voltage 

Vout 

-0.5 to +5.5 

V 

Output Current 

lou , 

50 

mA 

Operating Temperature 

Topr 

-25 to +75 

*C 

Storage Temperature 

T.lg 

-65 to +150 

8 C 


■ DC CHARACTERISTICS (Tec-4. 75 to 5.25V, Ta = 0 to 75*0 


Characteristic 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input High Voltage 

V,H 


2.0 


- 

V 

Input Low Voltage 

V'L 


- 

- 

0.8 

V 

Input High Current 

ItH 

K/-2.7V 

- 

- 

40 

M 

Input Low Current 

III 

V/-0.4V 

- 

- 

0.40 

mA 

Output Low Voltage 

VOL 

lot. 16mA 

- 

- 

0.45 

V 

Output Leakage Current 

IoLK 1 

Vo=5.25V 

- 

- 

100 

M 

Output Leakage Current 

loLK 2 

Vo-OAW 


- 

40 

M 

Input Clamp Voltage 

V, 

It — 18mA 

‘ - 

- 

-1.2 

V 

Power Supply Current 

Icc 

Inputs Either Open or at Ground 

- 

110 

150 

mA 

Output High Voltage* 

V OH 

7o — —2mA 



2.4 

~ 

- 

V 

Output Short Circuit Current* 

—Ios 

Vo“0V 

15 

- 

60 

mA 


* Note: Applicable to HN25089 only. 


■ AC CHARACTERISTICS (Vcc-4. 75 to 5.25V, Ta= 0 to 75*0 


Characteristic 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Address Access Time 

t AA 


- 

40 

60 

ns 

Chip Enable Access Time 

tACE 


- 

25 

35 

ns 

Chip Enable Disable Time 

t DCE 


- 

25 

35 

ns 


Note) 1. Output Load: See Test Circuit. 

2. Measurement Reference: 1.5V for both inputs and outputs. 


■ SWITCHING WAVEFORMS 


Address 

Input 


Output 


Output 



Chip Enable 

Input y 

4.5V 1.5 V- 

k 

tDCE T 







j 


Output 


4.5V 

or 

tDCE "O' 

rr ar-| 


j 

;nd 



□ 

— ‘tACE T 

^1.5V 

Output 

^ 
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HN25084, HN25085 


■ SWITCHING TIME TEST CONDITIONS 




Amplitude -0V to 3V 

Rise and Fall time -5ns from IV to 2V 

Frequency - 1MHz 


■ PROGRAMMING SPECIFICATION 


Characteristic 

Limit 

Unit 

Notes 

Ambient Temperature 

25±5 

*C 


Programming Pulse 




Amplitude 

130 + 5% 

mA 


Clamp Voltage 

2Q±2% 

V 


Ramp Rate 

7Qma* 

V/ms 


Pulse Width 

7.5±5% 

MS 

10V point/ 150H load 

Duty Cycle 

70% min 



Sense Current 




Amplitude 

20 + 0.5 

mA 


Clamp Voltage 

20 + 2% 

V 


Ramp Rate 

70max 

V / Ms 


Sense Current Interruption before and after address change 

lOmin 

MS 


Programming Vcr 

5.0 + 5% —0% 

V 


Maximum Sensed Voltage for programmed “1” 

7.5 + 0. 1 

V 


Delay from trailing edge of programming pulse before sensing 
output voltage 

0.7min 

Ms 


Programming Pulse Number 

lOOmax 

ms 


Additional Programming Pulse Number 

4 

Time 



■ TYPICAL WAVEFORMS 
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HN25084S, HN2S08SS 


2048- word x 4-bit Programmable Read Only Memories 
The HITACHI HN25084S and HN25085S are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 2048 words by 4 bits with on-chip address 
decoding and one chip enable input. The HN25084S and HN25085S 
are fabricated with logic level "zeros" (low); logic level "ones" 

(high) can be electrically programmed in the selected bit locations. 

The same address inputs are used for both programming and reading. 

■ FEATURES 

• 2048 words x 4 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 25 ns typ. (50 ns max) 

• Medium power consumption: 550 mW typ. 

• One chip enable input for memory expansion 

• Open collector outputs (HN25084S) /Three-state outputs 

(HN25085S) BPIN ARRANGEMENT 

• Standard cerdip 18-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CET to a logic "one". Then a train of high 
current programming pulses is applied to the desired output. After 
the sensed voltage indicates that the selected bit is in the logic "one" 
state, an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CIT to a logic 
"zero". The outputs then correspond to the data programmed in the 

selected word. (t °p View) 




■ LOGIC DIAGRAM 
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HN25084S, HN25085S 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vcc 

-0.5 to 4-7.0 

V 

Input Voltage 

V„ 

-0.5 to +5.5 

V 

Output Voltage 

V„t 

-0.5 to +5.5 

V 

Output Current 

I out 

50 

mA 

Operating Temperature* 

Tepr 

—25 to +75 

# C 

Storage Temperature 

T. lt 

-65 to +150 

°C 


■ DC CHARACTERISTICS (Vcc=4. 75 to 5.25V, Ta-0 to 75'C) 


Characteristic 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input High Voltage 

V,H 


2.0 

- 

- 

V 

Input Low Voltage 

V,L 


- 

- 

0.8 

V 

Input High Current 

1 1H 

V/=2.7V 

- 

- 

40 

M 

Input Low Current 

-In 

V/=0.4V 

- 

- 

0.40 

mA 

Output Low Voltage 

VOL 

Jo= 16mA 

- 

- 

0.45 

V 

Output Leakage Current 

IoLK 1 

Vo— 5.25V 

- 

- 

100 

M 

Output Leakage Current 

I OLK 2 

Vo-0.4V 

- 


40 

M 

Input Clamp Voltage 

V, 

1/ — — 18mA 

- 


-1.2 

V 

Power Supply Current 

I CC 

Inputs Either Open or at Ground 

- 

110 

160 

mA 

Output High Voltage* 

V OH 

7o= — 2mA 

2.4 

- 


V 

Output Short Circuit Current* 

— I OS 

> 

o 

II 

15 


60 

mA 


* Not* : Applicable to HN25089 only. 


■ AC CHARACTERISTICS (Vcc-4. 75 to 5.25V, 7o-0 to 75’C) 


Characteristic 

Symbol 

Test Conditions 

1 

min 

i 

typ 

max 

Unit 

Address Access Time 

t AA 


- 

25 

50 

ns 

Chip Enable Access Time 

t ACE 


- 

20 

35 

ns 

Chip Enable Disable Time 

t DCE 


- i 

15 

35 

ns 


Note) 1. Output Load: See Test Circuit. 

2. Measurement Reference: 1.5V for both inputs and outputs. 


■ SWITCHING WAVEFORMS 
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HN25084S, HN25085S 

■ SWITCHING TIME TEST CONDITIONS 


Vcc 

9 


7 


SWITCHING 

HN 25084 S 

HN25085S 

PARAMETER 

Ri 

Rz 

Ci 

Ri 

Rz 

Ci 

t AA 

3000 

6000 

30pF 

3000 

6000 

30pF 

tACE “1 ” 

- 

- 

- 

oo 

6000 

lOpF 

tACE “0" 

3000 

6000 

lOpF 

3000 

6000 

lOpF 

tDCE “ 1 ” 

- 


- 

00 

6000 

30pF 

toCE “0" 

3000 

6000 

30pF 

3000 

6000 

30pF 


INPUT CONDITIONS 
Amplitude — OV to 3V 
Rise and Fall time -5ns from IV to 2V 
Frequency - 1MHz 


■PROGRAMMING SPECIFICATION 


PARAMETER 

Symbol 

min 

typ 

max 

Unit 

Note 

Ambient Temperature 

Ta 

20 

25 

30 

*C 


Programming Vcc 

Vcc 

4.75 

5.0 

5.25 

V 


Programming Pulse 







Amplitude 

Iw 

88 

90 

92 

mA 


Clamp Voltage 

Vw 

19.0 

19.5 

20.0 

V 


Ramp Rate 


10 

— 

70 

V / fits 


Pulse Width 

t fW 

7.1 

7.5 

7.9 

MS 

9V point/2000 load 

Duty Cycle 


70 

— 

- 

% 


Sense Current 







Amplitude 

Is 

19 

20 

21 

mA 


Sense Voltage 

Vs 

7.4 

7.5 

7.6 

V 


Clamp Voltage 


19.0 

19.5 

20.0 

V 


Ramp Rate 


70 

— 

— 

V/ MS 


Address Setup Time 

t SA 

10 





Address Hold Time 

Iha 

10 





Sense Setup Time 

tss 

0.7 

1 




Sense Hold Time 

t HS 

0.7 

— 




Additional Programming Pulse 


1 

i 

1 



Programming Pulse Number per bit 

It 


- 


time 



J 
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HN25088, HN25Q89 


1024-word x 8-bit Programmable Read Only Memories 
The HITACHI HN25088 and HN25089 are high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit read only 
memories organized as 1024 words by 8 bits with on-chip address 
decoding and four chip enable inputs. The HN25088 and HN25089 
are fabricated with logic level "zeros" (low); logic level "ones" 
(high) can be electrically programmed in the selected bit locations. 
The same address inputs are used for both programming and reading. 

■ FEATURES 

• 1024 words x 8 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 40 ns (typ), 60 ns (max) 

• Medium power consumption: 600 mW typ. 

• Four chip enable inputs for memory expansion 

• Open collector outputs (HN25088)/Three-state outputs 
(HN 25089) 

• Standard cerdip 24-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CEl and/or CE2 to as logic "one" or CE3 
and/or CE4 to a logic "zero". Then a train of high current 
programming pulses is applied to the desired output. After the 
sensed voltage indicates that the selected bit is in the logic one state, 
an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CEl and CE2 
to a logic "zero". CE3 and CE4 to a logic "one". The outputs them 
correspond to the data programmed in the selected word. 



■ PIN ARRANGEMENT 


A; 

Ao 
A> 

Aj 
A, 

Ai 
Ao 
Oi 
()2 
O, 

C,\D 

(Top View) 



■ LOGIC DIAGRAM 
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HN25088, HN25089 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V,n 

-0.5 to +5.5 

V 

Output Voltage 

Vou, 

-0.5 to +5.5 

V 

Output Current 

Iou, 

50 

mA 

Operating Temperature 

Topr 

-25 to +75 

# C 

Storage Temperature 

T." 

-65 to +150 

•c 


■ DC CHARACTERISTICS (Vcc~4. 75 to 5.25V, Ta-0 to +75"C) 


Characteristic 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input High Voltage 

VlH 


2.0 

- 

- 

V 

Input Low Voltage 

V,L 


~ 

- 

0.8 

V 

Input High Current 

I IH 

V/-2.7V 

- 

- 

40 

M 

Input Low Current 

-In. 

Vi =0.4V 



0.40 

mA 

Output Low Voltage 

Vol 

Iol ~ 16m A 


~ 

0.45 

V 

Output Leakage Current 

I OLK 1 

Vo = 5.25V 

_ 

- 

100 

M 

Output Leakage Current 

IoLK 2 

Vo- 0.4V 

- 

- 

40 

,1 

M 

Input Clamp Voltage 

V/ 

// = — 18mA 

- 

- 

-1.2 

V 

Power Supply Current 

Icc 

Inputs Either Open or at Ground 

- 

120 

160 

mA 

Output High Voltage* 

V OH 

I oh— — 2mA 

2.4 

- 

- 

V 

Output Short Circuit Current* 

— I OS 

> 

o 

II 

o 

15 

- 

60 

mA 


* Note : Applicable to HN25089 only. 


■ AC CHARACTERISTICS (Vcc-4.75 to 5.25V, 7a=0 to 75'C) 


Characteristic ' 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Address Access Time 

tAA 


- 

40 

60 

ns 

Chip Enable Access Time 

tACE 


- 

20 

35 

ns 

Chip Enable Disable Time 

t DCE 


- 

20 

35 

ns 


Note) 1. Output Load : See Test Circuit. 

2. Measurement Reference: 1.5V for both inputs and outputs. 


■ SWITCHING WAVEFORMS 
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HN25088, HN25089 


■ SWITCHING TIME TEST CONDITIONS 


Cl 


30pF 
10pF 
lOpF 
30pF 
30pF 

INPUT CONDITIONS 
Amplitude-OV to 3V 
Rise and I^all time -5ns from IV to 2V 
Frequency — 1MHz 


TT 


SWITCHING 

PARAMETER 


tACE “ 1 ” 


t ACE “0” 


t DCE 1 


t DC E " 0 ” 


HN 25088 


3000 


3000 


3000 


6000 


6000 


6000 


30pF 


10pF 


30pF 


HN 25089 


3000 


3000 


3000 


6000 


6000 


6000 


6000 


6000 


■ PROGRAMMING SPECIFICATION 


Characteristic 

Limit 

Unit 

Notes 

Ambient Temperature 

25±5 

•c 


Programming Pulse 




Amplitude 

130±5% 

mA 


Clamp Voltage 

20 + 2% 

V 


Ramp Rate 

70max 

V/fis 


Pulse Width 

7.5±5% 

M s 

10V point/ 1500 load 

Duty Cycle 

70% min 



Sense Current 




Amplitude 

20±0.5 

mA 


Clamp Voltage 

20±2% 

V 


Ramp Rate 

70max 

V/jus 


Sense Current Interruption before and after address change 

lOmin 

Ms 


Programming Vcc 

5.04-5% —0% 

V 


Maximum Sensed Voltage for programmed “ 1 ” 

7 .5 ±0 . 1 

V 


Delay from trailing edge of programming pulse before sensing 
output voltage 

0.7min 

MS 


Programming Pulse Number 

lOOmax 

ms 


Additional Programming Pulse Number 

4 

Time 
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HN25Q88S, HN25Q89S 


1 024- word x 8-bit Programmable Read Only Memories 
The HITACHI HN25088Sand HN25089Sare high speed electrically 
programmable, fully decoded TTL Bipolar 8192 bit-read only 
memories organized as 1024 words by 8 bits with on-chip address 
decoding and four chip enable inputs. The HN25088S and 
HN25089S are fabricated with logic level "zeros" (low); logic level 
"ones" (high) can be electrically programmed in the selected bit 
locations. The same address inputs are used for both programming 
and reading. 

■ FEATURES 

• 1024 words x 8 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 25 ns typ. (50 ns max) 

• Medium power consumption: 600 mW typ. 

• Four chip enable inputs for memory expansion 

• Open collector outputs (HN25088S)/Three-state outputs 
(HN25089S) 

• Standard cerdip 24-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CEl and/or CE2 to as logic "one" or CE3 
and/or CE4 to a logic "zero". Then a train of high current 
programming pulses is applied to the desired output. After the 
sensed voltage indicates that the selected bit is in the logic one state, 
an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CEl and CE2 
to a logic "zero", CE3 and CE4 to a logic "one". The outputs then 
correspond to the data programmed in the selected word. 



■ PIN ARRANGEMENT 



■ LOGIC DIAGRAM 
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HN25088S, HN25089S 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

Vin 

-0.5 to +5.5 

V 

Output Voltage 

V.., 

-0.5 to +5.5 

V 

Output Current 

Lut 

50 

mA 

Operating Temperature 

To,r 

-25 to +75 

°C 

Storage Temperature 

T.„ 

-65 to +150 

# C 


■ DC CHARACTERISTICS (Vcc- 4.75 to 5.25V, Ta = 0 to +75’C) 


Characteristic 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input High Voltage 

V,H 


2.0 

- 

- 

V 

Input Low Voltage 

V,L 


- 

- 

0.8 

V 

Input High Current 

I IH 

V,-2.7V 

- 

- 

40 

M 

Input Low Current 

—JlL 

V/-0.4V 

__ 

- 

0.40 

mA 

Output Low Voltage 

VOL 

7ol — 16 m A 

- 

- 

0.45 

V 

Output Leakage Current 

I OLK 1 

Vo-5. 25V 

- 

- 

100 

M 

Output Leakage Current 

IOLK 2 

Vo— 0.4V 

- 

- 

40 

M 

Input Clamp Voltage 

V, 

I, 18mA 

- 

- 

-1.2 

V 

Power Supply Current 

Icc 

Inputs Either Open or at Ground 

- 

120 

160 

mA 

Output High Voltage* 

V OH 

I oh — — 2 m A 

2.4 

- 

- 

V 

Output Short Circuit Current* 

—Ios 

> 

o 

£ 

15 

- 

60 

mA 


* Note : Applicable to HN2S089S only. 


■ AC CHARACTERISTICS (Vcc = 4.75 to 5.25V, Ta-0 to 75”C) 


Characteristic 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Address Access Time 

tAA 


- 

25 

50 

ns 

Chip Enable Access Time 

t ACE 


- 

20 

35 

ns 

Chip Enable Disable Time 

t DC E 


- 

15 

35 

ns 


Note) 1. Output Load: See Test Circuit. 

2. Measurement Reference: l.SV for both inputs and outputs. 


■ SWITCHING WAVEFORMS 
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HN25088S, HN25089S 

■ SWITCHING TIME TEST CONDITIONS 

Ci 
30pF 
lOpF 
10pF 
30pF 
30pF 

INPUT CONDITIONS 
Amplitude -0V to 3V 
Rise and Fall time -5ns from IV to 2V 
Frequency - 1MHz 


IT 


SWITCHING 

PARAMETER 


t AA 


tACE 1 " 


tACE “ 0 " 


tDCE “ 1 " 


tDCE “0” 


HN25088S 


3000 


3000 


3000 


6000 


6000 


6000 


30pF 


lOpF 


30pF 


HN 25089 S 


3000 


3000 


3000 


6000 


6000 


6000 


6000 


6000 


■PROGRAMMING SPECIFICATION 


PARAMETER 

Ambient Temperature 
Programming Vcc 

Programming Pulse 
Amplitude 
Clamp Voltage 
Ramp Rate 
Pulse Width 
Duty Cycle 

Sense Current 
Amplitude 
Sense Voltage 
Clamp Voltage 
Ramp Rate 

Address Setup Time 
Address Hold Time 
Sense Setup Time 
Sense Hold Time 

Additional Programming Pulse 
Programming Pulse Number per bit 



















HN25Q88L, HN25089L 


1024-word x 8-bit Programmable Read Only Memories 

The HITACHI HN25088L and HN25089L are low power and high 
speed electrically programmable, fully decoded TTL Bipolar 8192 
bit read only memories organized as 1024 words by 8 bits with on- 
chip address decoding and four chip enable inputs. 

The HN25088L and HN25089L are fabricated with logic level 
“zeros” (low); logic level “ones” (high) can be electrically pro- 
grammed in the selected bit locations. The same address inputs are 
used for both programming and reading. 

■ FEATURES 

• 1024 words x 8 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 60ns typ. (100ns max.) 

• Low power consumption: 350mW typ. 

• Four chip enable inputs for memory expansion 

• Open collector outputs (HN25088L)/Three-state 
outputs (HN25089L) 


■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired word is 
selected by the ten address inputs in TTL level. The device is 
disabled by bringing CET and/or CE2 to as logic “one” or CE3 
and/or CE4 to a logic “zero”. Then a train of high current 
programming pulses is applied to the desired output. After the 
sensed voltage indicates that the selected bit is in the logic one state, 
an additional pulse train is applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CET and CE2 
to a'Togic “zero”, CE3 and CE4 to a logic “one”. The outputs then 
correspond to the data programmed in the selected word. 



■ PIN ARRANGEMENT 



■ LOGIC DIAGRAM 
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HN25088L, HN25089L 

■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vcc 

-0.5 to 4-7.0 

V 

Input Voltage 

v in 

-0.5 to 45.5 

V 

Output Voltage 

v oul 

-0.5 to 45.5 

V 

Output Current 

lout 

50 

mA 

Operating Temperature 

Topr 

-25 to 475 

*C 

Storage Temperature 

T. t 

-65 to 4150 

°C 


■ DC CHARACTERISTICS (Vcc-4.75 to 5.25V, Ta=0 to +75”C) 


Item 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Input Voltage 

V,H 


2.0 

- 

- 

V 

V IL 


- 

- 

0.8 

V 

Output Voltage 

VOH* 

I oh — 2 mA 

2.4 

- 

- 

V 

VOL 

/ol— 16mA 

- 

- 

0.45 

V 

Input Current 

IlH 

V/ = 2.7V 

- 

- 

40 

M 

IlL 

V/=0.4V 

- 

- 

0.4 

mA 

Output Leakage Current 

IoLK 

Vo=5.25V 

- 

- 

100 

M 

Vo=0.4V 

- 

- 

40 

Supply Current 

Icc 

Inputs Either Open or at Ground 

- 

70 

100 

mA 

Output Short-circuit Current 

- Ios * 

S 5 

II 

o 

< 

8 

- 

30 

mA 

Input Clamp Voltage 

! 

1 

1 

oo 

3 

> 

- 

- 

-1.2 

V 


* Applicable to HN25089L only. 


■ AC CHARACTERISTICS (Vcc=4.75 to 5.25V, Ta= 0 to + 75°C) 


Item 

Symbol 

min 

typ 

max 

Unit 

Address Access Time 

tAA 

- 

60 

100 

ns 

Chip Enable Access Time 

Iace 

- 

40 

70 

ns 

Chip Enable Disable Time 

tDCE 

- 

40 

70 

ns 


Notes) 1. Output Load: See Test Circuit 

2. Measurement Reference : 1.5V for both inputs and outputs 


■ SWITCHING WAVEFORMS 
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HN25088L, HN25089L 


■ SWITCHING TIME TEST CONDITIONS 


7T 


SWITCHING 

HN25088L 

HN 25089 L 

PARAMETER 

Ri 

Rz 

Cl 

R\ 

Rz 

Cl 

t AA 

300 o 

600 n 

30pF 

300H 

600 n 

30pF 

t ACE “ 1 ” 

- 

- 

- 

oo 

6000 

lOpF 

t ACE “0” 

3000 

6oon 

lOpF 

3oon 

6000 

10pF 

t DCE 1 

- 

- 

- 

oo 

6000 

30pF 

tDCE “0” 

3oon 

6oon 

30pF 

3000 

6000 

30pF 


INPUT CONDITIONS 
Amplitude— OV to 3V 
Rise and Fall time -5ns from IV to 2V 
Frequency -1 MHz 


■ PROGRAMMING SPECIFICATION 


Characteristic 

Limit 

Unit 

Notes 

Ambient Temperature 

25 ±5 

*C 


Programming Pulse 





Amplitude 

130 ±5% 

mA 



Clamp Voltage 

20 ±2% 

V 



Ramp Rate 

70max 

V/fi s 



Pulse Width 

7.5±5% 

fiS 

10V point/1500 load 


Duty Cycle 

70% min 




Sense Current 





Amplitude 

20±0.5 

mA 



Clamp Voltage 

20±2% 

V 



Ramp Rate 

70max 

V//4S 



Sense Current Interruption before and after address change 

lOmin 

M s 



Programming Vcc 

5.04-5% — 0% 

V 


Maximum Sensed Voltage for programmed “ 1 ” 

7.5±0.1 

V 


Delay from trailing edge of programming pulse before sensing 
output voltage 

0. 7min 

Ms 


Programming Pulse Number 

lOOmax 

ms 


Additional Programming Pulse Number 

4 

Time 
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HN25168S, HN25169S 


2048- word X 8-bit Programmable Read Only Memories 
The HITACHI HN25168S and HN25169S.are high speed electrically 
programmable, fully decoded TTL Bipolar 16384 bit read only 
memories organized as 2048 words by 8 bits with on-chip address 
decoding and three chip enable inputs. The HN25168S and 
HN25166S are fabricated with logic level "zeros" (low); logic level 
"ones" (high) can be electrically programmed in the selected bit 
locations. The same address inputs are used for both programming 
and reading. 

■ FEATURES 

• 2048 words x 8 bits organization (fully decoded) 

• TTL compatible inputs and outputs 

• Fast read access time: 40 ns typ. (60 ns max) 

• Medium power consumption: 600 mW typ. 

• Three chip enable inputs for memory expansion. 

• Open collector outputs (HN25168S)/Three-state outputs 
(HN25169S) 

• Standard cerdip 24-pin dual in-line package 

■ OPERATION 

• Programming 

A logic one can be permanently programmed into a selected bit 
location by using programming equipment. First, the desired world 
is selected by the eleven address inputs in TTL level. The device is 
disabled by bringing CE1 to as logic "one" or CE2 and/or CE3 to a 
logic "zero". Then a train of high current programming pulses is 
applied to the desired output. After the sensed voltage indicates that 
the selected bit is in the logic one state, an additional pulse is 
applied, then is stopped. 

• Reading 

To read the memory the device is enabled by bringing CEf to a logic 
"zero", CE2 and CE3 to a logic "one". The outputs then 
correspond to the data programmed in the selected word. 



■ PIN ARRANGEMENT 



■ LOGIC DIAGRAM 
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HN25168S, HN2S169S 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Rating 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V.. 

-0.5 to +5.5 

V 

Output Voltage 

V„, 

-0.5 to +5.5 

V 

Output Current 

/«. 

50 

mA 

Operating Temperature 

T, P r 

—25 to +75 

*C 

Storage Temperature 


-65 to +150 

*C 


■ DC CHARACTERISTICS (Vcc- 4.75 to 5.25V, Ta- 0 to +75‘C) 


Characteristic 

Symbol 

Test Conditions 

min 

typ 

1 

max 

Unit 

Input High Voltage 

V'H 


2.0 

- 

- 

V 

Input Low Voltage 

V,i 


- 

- 

0.8 

V 

Input High Current 

I IH 

V/-2.7V 

- 

- 

40 

M 

Input Low Current 

1 1 L 

V/ — 0.4V 

- 

- 

0.40 

mA 

Output Low Voltage 

VoL 

Jot- 16mA 

- 

- 

0.45 

V 

Output Leakage Current 

I OLK 1 

Vo- 5. 25 V 

- 

- 

100 

M 

Output Leakage Current 

I OLK 2 

Vo— 0.4V 

- 

- 

40 

M 

Input Clamp Voltage 

V, 

I, 18mA 

- 

- 

-1.2 

V 

Power Supply Current 

lee 

Inputs Either Open or at Ground 

- 

120 

170 

mA 

Output High Voltage* 

VoH 

I vh — — 2mA 

2.4 

- 

- 

V 

Output Short Circuit Current* 

—I OS 

Vo-OV 

15 

- 

60 

mA 


* Note : Applicable to HN25169S only. 


■ AC CHARACTERISTICS (Vcc = 4.75 to &.25V, Ta-0 to 75*0 


Characteristic 

Symbol 

Test Conditions 

min 

typ 

max 

Unit 

Address Access Time 

t AA 


- 

40 

60 

ns 

Chip Enable Access Time 

t ACE 


- 

20 

35 

ns 

Chip Enable Disable Time 

t DCE 


- 

20 

35 

ns 


Note) 1. Output Load: See Test Circuit. 

2. Measurement Reference: 1.5V for both inputs and outputs. 


■ SWITCHING WAVEFORMS 
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HN25168S, HN25169S 


■ SWITCHING TIME TEST CONDITIONS 


Cl 


30pF 


10pF 
lOpF 
30pF 
30pF 

INPUT CONDITIONS 
Amplitude — OV to 3V 
Rise and Fall time-5ns from IV to 2V 
Frequency — 1MHz 


X 

X 


SWITCHING 

PARAMETER 


t AA 


l ACE “ 1 ” 


tACE “0” 


tDCE 1 ” 


t DCE “0” 


HN25168S 


300n 


3000 


30on 


600 fl 


6oon 


6oon 


30pF 


lOpF 


30pF 


HN25169S 


30on 


30on 


3oon 


60 on 


6oon 


60 on 


60 on 


600 n 


■ PROGRAMMING SPECIFICATION 


PARAMETER 

Symbol 

min 

typ 

max 

Unit 

Note 

Ambient sTemperature 

Ta 

20 

25 

30 

e C 


Programming Vcc 

Vcc 

4.75 

5.0 

5.25 

V 


Programming Pulse 







Amplitude 

Jw 

88 

90 

92 

mA 


Clamp Voltage 

Vw 

19.0 

19.5 

20.0 

V 


Ramp Rate 


10 

— 

70 

V/jus 


Pulse Width 

t PW 

7.1 

7.5 

7.9 

ps 

9V point/200n load 

Duty Cycle 


70 

— 

— 

% 


Sense Current 







Amplitude 

Is 

19 

20 

21 

mA 


Sense Voltage 

Vs 

7.4 

7.5 

7.6 

V 


Clamp Voltage 


19.0 

19.5 

20.0 

V 


Ramp Rate 


70 

— 

— 

V/pis 


Address Setup Time 

t SA 

10 

- 

- 

Ms 


Address Hold Time 

t HA 

10 

— 

— 

fXS 


Sense Setup Time 

t SS 

0.7 

— 

— 

fts 


Sense Hold Time 

tub 

0.7 

— 

— 

MS 


Additional Programming Pulse 


1 

1 

1 

time 


Programming Pulse Number per bit 

n 

- 

- 

10000 

time 



J 
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Quadruple TTL-to-MOS Clock Drivers 

The HD2912, a clock driver for the MOS memory, has basically the 
NAND function. Its input is a TTL level and its output becomes and 
N MOS clock input level. It operates on two power supplies — Vcc 
(5V) and V DD (12V). It anticipates taking as its load a maximum of 
ten units of 4K-bit N MOS memories and can drive a load capacity 
of 400 pF at high speed. 

• TTL-MOS level converter circuit 

• Switching time: 50 ns (max.) 

• Load capacity drivable: 600pF 

• Mounted with 4 circuits 

• Applicable temperature: 0 to 70° C 



■ absolute maximum ratings 


Item 

Symbol 

HD2912 

Unit 

Supply Voltage 

Vcc* 

7.0 

V 

Vdd* 

18.0 

V 

Input Voltage 

Vm * 

5.5 

V 

Load Capacitance 

Cl** 

600 

pF 

Power Dissipation 

Pr*** 

800 

mW 

Operating Temperature 

T opr 

0 to +70 

°C 

Storage Temperature 

Tstg 

-65 to +150 

°C 


* With respect GND 
* * per circuit 
* * * per package 


■ RECOMMENDED OPERATING CONDITIONS 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.75 

5.0 

5.25 

V 

Vdd 

11.4 

12 

12.6 

V 

Operating Temperature 

Topr 

0 

25 

70 

“C 

Load Capacitance 

Cl 

100 

- 

600 

pF 

Damping Resistance 

Rd 

10 

- 

- | 

a 


■ PIN ARRANGEMENT 



■ ELECTRICAL CHARACTERISTICS (Ta-0 to +70°C, Vcc- 5V ±5%, Vdd-UV ±5%) 


Item 

Symbol 

Test Condition 

min 

typ* 

max 

Unit 

Input Voltage 

VlL 


2.0 

- 

- 

V 

V,H 


- 

- 

0.8 

V 

Output Voltage 

VOL 

V,„ = 2V, /ol- 0.1mA 

— 

0.45 

0.6 

V 

V OH 

< 

e 

o 

1 

II 

a: 

> 

CO 

o 

II 

Vdd —0.9 

11.5 

- 

V 


A 

*"■ 

V,„ =0.4V 

- 

-1 

-1.6 

mA 


B 

III. 

- 

-2 

-3.2 

mA 

Input Current 

A 

IlH 

V.„=2.4V 

- 

- 

40 

M 


B 

IlH 

- 

- 

80 

M 



I, 

V,„ =5.5V 

- 

- 

1 

mA 



I DDH 

V.„ = 0V 

- 

16 

24 

mA 

Power Supply Current 


Idol 

V,„ = 5V 

- 

— 

0.5 

mA 


I CCH 

V,n = 0V 

- 

12 

18 

mA 



ICCL 

V,» = 5V 

- 

67 

100 

mA 

Input Clamp Voltage 

V, 

/,» = — 12mA 

- 

- 

-1.5 

V 


» Vci-5V, Vn-\2V 
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HD2912 


■ SWITCHING CHARACTERISTICS (7a = 0 to + 70°C, Vcc- 5 V, Vdd- 12V) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Rising Delay Time 

t DLH 

Cl“ 300pF 

r d - on 

- 

35 

50 

ns 

Falling Delay Time 

t DHL 

- 

25 

45 

ns 

Rise Time 

t TLH 

- 

12 

25 

ns 

Fall Time 

t THL 

- 

12 

25 

ns 


• TEST CIRCUIT AND WAVEFORMS 




FALLING DELAY TIME vs. 
LOAD CAPACITANCE (1) 



Load Capacitance Cl (pF) 


RISING DELAY TIME vs. 
LOAD CAPACITmNCE (2) 



RISE TIME AND RISING DELAY TIME 
vs. AMBIENT TEMPERATURE 


FALL TIME AND FALLING DELAY TIME 
vs. AMBIENT TEMPERATURE 


50 

40 

g 30 

I 20 

10 

0 10 20 30 40 50 60 70 

Ambient Temperature Ta (’C) 


— 









fpi« 





















t TLH 


— 




"1 




!/_ . - 

= 12V — 

:5V 

300pF 

OQ 







you 
Vcc = 
C L = 
Rd 



— 



— 













t DHL 














| 

1 THL 









Vdo 

= 12V_ 






Vcc 
Cl = 
Rtr- 

=5V 

=300pF 

=0Q 


0 10 20 30 40 50 60 70 

Ambient Temperature To (*C) 
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HD2912 


SWITCHING TIME vs. 
SUPPLY VOLTAGE (1) 



SWITCHING TIME vs. 
SUPPLY VOLTAGE (2) 



POWER DISSIPATION 
vs. CYCLE TIME 



■ ITEMS REQUIRING CARE WHEN USING 
THE HD2912 

When measuring or mounting the HD2912, consider 

the following. 

1. At the time of "H" level output, if a short circuit 
occurs between the output terminal and the 
other terminal (the GND terminal or input 
terminal), the element will breakdown. 

2. When measuring the input/output characteristic 
of the circuit, do not place the input level in the 
vicinity of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg- 
lected, the element may breakdown. 

3. If its load capacity is less than a certainalue 
(lOOpF), sometimes this element cannot fully 
provide its function. Take note of this fact when 
designing a system. 

4. When mounting this element, it is recommended 
providing the output terminal with a damping 
resistor (Rp) or a diode terminating circuit. 


Vuu 


d— > ... 

i 

N MOS 

H / 

Clock Driver ^ 

i 

7 
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HD2916 


Quadruple TTL-to-NMOS Clock Drivers 

The HD2916, a clock driver for the MOS memory, basically 
possesses a NAND function. Its Input is a TTL level and its output 
becomes N MOS clock input level. It operates on two power supplies 
- Vqc (5V) and Vdd (12V). Assuming that a maximum of five 
units of 4K-bit N MOS memories may be connected, it is designed to 
drive a load capacity of 200pF at high speeds. 


■ FEATURES 

• TTL-MOS level converter 

• Switching time: 50 ns (max.) 

• Average power consumption: 600m W (max.) 

• Load capacity drivable: 300pF 

• Mounted with 4 circuits 

• Applicable temperature: 10 to 65°C 



■ PIN ARRANGEMENT 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

HD2916 

Unit 

Supply Voltage 

Vcc* 

-0.5 to +7 

V 

V D D* 

-0.5 to +15 

V 

Input Terminal Voltage 

V,N * 

-0.5 to +5.5 

V 

Output Load Capacitance 

Cl** 

300 

pF 

Power Dissipation 

P T*** 

700 

mW 

Operating Temperature 

Topr 

0 to +70 

°C 

Storage Temperature 

T.„ 

-50 to +150 

°C 


* With respect to GND 
* * Per circuit 
* * * Per package 


■ RECOMMENDED OPERATING CONDITION 


Item 

Symbol 

min 

typ 

max 

Unit 

Supply Voltage 

Vcc 

4.75 

5.0 

5.25 

V 

Vdd 

11.4 

12.0 

12.6 

V 

Operating Temperature 

Topr 

10 

25 

55 

B C 

Input Voltage Level 

V,H 

2.0 

- 

5.5 

V 

V,L 

-0.5 

- 

0.8 

V 



■ ELECTRICAL CHARACTERISTICS (To-10 to 55’C. Vcc-5V ±5%, Vdi>=12V ±5%) 


Item 

Symbol 

Test Condition 

min 

typ* 

max 

Unit 



I IH 

V/*-2.4V 

- 

- 

40 

M 

Input Current 


hi 

V/tf “0.4V 

- 

-1 

-2 

mA 

B 

I IH 

V/n“2.4V 

- 

- 

80 

M 


III 

V/*“0.4V 

- 

-2 

-4 

mA 

Output Voltage 

VOH 

V/n*=0.8V, I oh — — 50juA 

Vdd— 0.7 

Vdd-0A 

- 

V 

VOL 

V;n==2.0V, Iol= 50M 

— 

0.3 

0.45 

V 



I DDH 

V/iv-OV 

- 

13 

20 

mA 

Supply Current 


ICCH 

V/*==0V 


13 

40 

mA 


I DDL 

V'/ar — 5 V 

- 

- 

39 

mA 



IcCL 

V/n“5V 

- 

40 

60 

mA 

Average Power Dissipation 

Pta 

Cl“ 300 P F, /“1MHz 
tw=0.5^s, one circuit operation 

- 

300 

600 

mW 


* V'ce-5V, Vod- 12V 
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HD2916 


■ SWITCHING CHARACTERISTICS (To- 10 to 55‘C, Vcc~5V ±5%, Vdd~ 12V ±5%) 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Output Delay Time 

t DLH 

Cl-200 P F 
/- 1MHz 
t **0.5^8 

- 

- 

50 

ns 

t DHL 

- 


50 

ns 


• TEST CIRCUIT & WAVEFORMS 




PROPAGATION DELAY TIME 
vs. LOAD CAPACITANCE 



PROPAGATION DELAY TIME 
vs. AMBIENT TEMPERATURE 



PROPAGATION DELAY TIME 
vs. SUPPLY VOLTAGE 



PROPAGATION DELAY TIME 
vs. SUPPLY VOLTAGE 































t IHII 



— 


— 

— 


















t DHL 




_ 

— 

- 

— 

— 





























! 



_ 


V’cc * 5 V 
Tfl=25T 












200pf 




_ 








- — 

I 



n l I 1 1 I I 1 I 1 1 I I I 

10.5 11.0 11.5 12.0 12.5 13.0 13.5 



a. 


Supply Voltage Voo (V) 
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HD2916 


POWER DISSIPATION 
vs. CYCLE TIME 



■ ITEMS REQUIRING CARE WHEN USING 
THE HD2916 

When measuring or mounting the HD2916, consider 

the following: 

1. At the time of "H" level output, if a short circuit 
occurs between the output terminal and the 
other terminal (the GND terminal or input 
terminal), the element will breakdown. 

2. When measuring the input/output characteristic 
of the circuit, do not place the input level in the 
vicinity of the threshold voltage (about 1.5V) for 
more than 10 seconds. If this caution is neg- 
lected, the element may breakdown. 
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Quadruple ECL to TTL Drivers 

The HD2923 is a monolithic, high speed Quadruple ECL to TTL 
Driver which accepts ECL input signals. It provides high output 
current suitable for driving the TTL clock inputs or other- address 
multiplexing inputs of N-channel MOS memories such as the 
HM4816Aof MK41 16. Power supply requirements are ground, +5.0 
Volts and -5.2 Volts. The HD2923 requires no particular power 
supply sequencing in order to assure standby mode of memories, 
because the outputs are always “high" at applying the power. 
Propagation delay is 10ns MAX. 

The HD2923 is fabricated by means of HITACHI'S Schottky Bipolar 
technology to assure high performance over the 0°C to 75°C 
ambient temperature range. 



■ FEATURES 

• High Speed t P d = 10ns MAX. (50% to 2.2V dc out or to 

+1.0V dc out, 200pF Load) 

• Low Power 250mW typ. (DC) 

• 10K ECL Compatible Inputs 

• Pin Compatibility MC10125 or HD10125 


■ ABSOLUTE MAXIMUM RATINGS 


Item 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7 

V 

V EE 

-7 to +0.5 

V 

Input Voltage 

V.n 

Vee to +0.5 

V 

Output Voltage 

Vout 

— 1.0 to Vcc+1 

V 

Power Dissipation 

Pt 

1.0 

W 

Operating Temperature* 

7V 

-10 to +85 

°C 

Storage Temperature 

TV 

-65 to +150 

°C 


■ PIN ARRANGEMENT 



The Vbb reference voltage is available 
on pin 1 for use in single ended input 
biasing 

■ TRUTH TABLE 


* under bias 









Input 

Output 

■ RECOMMENDED 

OPERATING CONDITIONS 


A 

B 

Y 

Item 

Symbol 

r 

min 

typ 

max 

Unit 

H 

Vbb 

L 

Supply Voltage 

; Vcc 

4.75 

5.0 

5.25 

V 

L 

Vbb 

H 

Vee 

-5.46 

-5.2 

-4.94 

V 

H 

L 

L 

Input Voltage 

V,H 

-1.025 

- 

- 

V 

L 

H 

H 

V,L 

- 

- 

-1.520 

V 

Vbb 

H 

H 

Operating Temperature 

T opr 

0 

- 

75 

°c 

Vbb 

L 

L 

Open 

Open 

H 
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HD2923 


■ DC CHARACTERISTICS 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 


—Iee 


- 

22 

27 

mA 

Power Supply Drain Current 

IcCH 

V ee — —5.2V, Fee- 5.0V 

- 

23.5 

29 

mA 


I CCL 


- 

34.5 

42 

mA 

Input Current 

LnH 

F/w-— 0.81V 

- 

- 

115 

M 

Input Leakage Current 

IcBO 

F/w— —5.2V 

- 

- 

1.0 

M 

Output Voltage 

Van 

/ oh — 1 . 0mA 

2.7 

- 

- 

V 

Vol 

/oi“5.0mA 

- 

- 

0.5 

V 

Threshold Voltage 

V OH A 

Fzh--1.1V, /oh-- 1.0mA 

2.7 

- 

- 

V 

VOLA 

V/l- -1.48V, /ol- 5.0mA 

- 

- 

0.5 

V 

Indeterminate Input 

VoHS- 

All inputs — Fes 

2.7 

- 

- 

V 

Protection Tests 

All inputs — Open 

2.7 

- 

- 

V 

Reference Voltage 

Vbb 


-1.420 

- 

-1.150 

V 


VoHC 

F/*h = 0.300 V, F,*l = -0.825V 

2.7 

- 

- 

V 

Common Mode Rejection Tests 

F/hh- - 1.890V, P/Hi- -2.890V 

2.7 

- 

- 

VOLC 

V/HH- 0.300V, V//VL- -0.825V 

- 

- 

0.5 

V 


V/ah- -1.890V, Vinl- -2.890V 

- 

- 

0.5 

V 


■ AC CHARACTERISTICS 


Item 

Symbol 

Test Condition 

min 

typ 

max 

Unit 

Propagation Delay Time 

t DR 

50% to +2.2V, Ct = 200pF 

- 

- 

10 

ns 

l DF 

50% to +1.0V, Ct — 200pF 

- 

- 

10 

ns 

Rise Time 

t + 

+ 1.0V to +2.2V, Cl — 200pF 

- 

- 

5 

ns 

Fall Time 

r 

+2.2V to -F1.0V, Cl — 200pF 


- 

5 

ns 
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